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Because it is the mission of the public schools Co pro . de equal access to 
education for all children, concern has been increasing in the last few 
years over the under-representation of women and minority students in 
mathematics classes and subsequently in careers which require knowledge of 
mathematics. 

In reviewing the academic preparation of students in their first year at 
the University of California at Berkeley in 1972, researcher Lucy Sells 
found that 92% of women freshmen, as opposed to 43% of the men, had not 
taken four years of high school mathemr . Since three-fourths of the 
majors at the university required such , -par at ion in mathematics, the 
options for 92% of the incoming women r^shmen were severely limited* 
This picture is repeated across the nation. 

Sells applied the term "critical filter 11 to the study of mathematics 
because of its significance in determining whether women will be segregated 
out of higher paying, higher status careers. Avoidance of mathematics and 
poor mathematics achievement are thus seen as contributing to inequity and 
discrimination for women and minority students, both during the years of 
their education and in their later lives* 

Efforts to counter the effects of differential treatment, and to encourage 
female and minority students to participate and achieve in mathematics, 
include the identification of 1) successful strategies for teaching, and 2) 
exemplary mathematics programs which can be recommended for use in schools, 

Tno United States has taken the lead in research about the relationship of 
gender to mathematics achievement, despite the recognition of similar 
disparities in achievement in other nations* Generally, there has been 
much less available research on factors governing mathematics achievement 
among minority children, or replication of majority research with minority 
children, in any country. 

Continuing the pattern of findings in the 1970*s, current research on sex 
differences in mathematics achievement in the U.S. indicates that these 
differences persist, even, in some cases, when students have taken the same 
amount of coursework. Sex differences in achievement are still found from 
junior high school age through college* 

These differences, however, are not shown to result from inherent factors 
or from gender=based differences in visual/spatial ability. Some studies 
indicate that visual and spatial ability each ''contribute to M predicting 
math achievement, but definitions of visual and spatial abilities are not 
consistent and the relationship between them and mathematical learning is 
not clear* 

Factors in low mathematics achievement by minority students have been 
identified as: Ungual tic effects, school influences and learning style/ 
personal ity/sel f-concept • Concern has been expressed over non- 
participation in mathematics study by Hispanic, Black and Native American 
children, and attention has been drawn to the bilingual needs of many 
minority children in this as in other school subjects* 

- 1 - 
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This presents Eat ion will not deal with: a) specific discipline ©r 
behavior probUfiaw that may arise in a mul tieul tural /mul ti-ethnie/bil ingual 
settitig-however - 9 this discussion may have a direct influence on disci- 
pline or behavior t; b) nor will this presentation identify the di f furerttas 
that nyjfixist between subcultures and ethnic groups when considering 
mathematUs legr -^rii ng * 

This pres ©nitration will attemp. to illustrate that mathematics iti the 
elernenury graders ^Jlb not and should not be "culture free," As a pre- 
scriptive course f the discussion will give suggestions on how to improva 
the mathematics «^Kperience of elementary school children by using th^ 
culture of both «he teacher and the learner in mathematics instruction* 

If one ware to examine textbooksj psychomotor materials, perceptual 
taateriils, audio^-^visual materials, and other commercially produced 
suiter till for th^ learning of mathematics at the elementary school l^v^ij 
om vrilliee piettures, word problems ? etc, that depict a certain oecu^ 
pacion, aex f app^=aranee , name, places, events, voice quality, etc, 
"esmmoti 11 to the t^Bajority of Americans. After so much culturally related 
evidence) ean on^^ say the mathematics learning is "culture free? 1 * Hardly, 
Hue, tin questions is whose "culture" is being exemplified? 

Banks (1975>* discusses culture along a pluralis tic—assimilationistic 
continuum* Let 1 A look at some assumptions about the aspects of culture and 
learning. 

HATCH TO STATEHCNTS BELOW WITH EITHER Tig PLURALISTIC, PLURALISTIC- 
ASS IMIMIQHI ST OR TOE ASSIMILATIONISTIC POINTS OF VIEW; 

Statiment On^mt Cultural subgroups have unique cognitive styles * 

Statement T«*~o: Cultural subgroups have &?mm unique cognitive atylei, 
but share many learning characteristics with oth^r 
groups # 

9 
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Statement Three : Hunan learning styles and <5]mr*«ttri«eiea are 
universal . 

Regarding culture and learning, statement o na i s the view of the 
cultural plurlise. Statement two is the point of vioof the -cultural 
Pluralist-assimilacionist. Statement three, then, i, the v iew of the 
pure cultural a.aimilationist . (The reader is t 0 ai» 8 « che pluralist and 
the a,si»ilationist to be « C opposite ends of th* ac cu lturatin S C o„ C in uura ,) 

To further establish the link between learning styles and culture, 
Ramirez and Castaneda report three styles! 

A. Incentive-motivational styles that are short tad lone term goal 

B. Human relational styles that are concerned with inter rial and 
external locus of control. 

and C. Patterns , of Intellectual abilities and leading style -» which 
deal with mechanisms for collecting, organising, and «jsing 
information about the environment (i.e. inductive (dorfuctiv e )» 
(Ramirez and Castaneda, 1974) 

In the report by Ramirez and' Casteneda they further report two identi- 
fiable categories into which individuals (and in this case, cultural sub- 
groups) would distinctly fall-field dependent le « mm tad fietd 
independent learners . 

A. Field-dependent children do best on verbal tasks of Intelligence 
testf learn materials more easily which have toot | ai^e sensitive 
to the opinions of others; per rot- Salter when author L ty figures 
express confidence in their abil lt yj an d, eotwirsely, perform 
less well when authority figures doubt their ability » 

B. Field-independent children do best on analyfe i« tasks s learn 
material that is inanimate and impersonal mOri eagerly - and their 
performance is not greatly affected by the opinions c f other. » 
(Ramirez and Castaneda, 1974) - . 



One of Che d&tigi^i of e lass if ying l^arntrs into such learning styles 
is the tendency to ^aka learning sotniyhac ''half ^witted M — especially when 
one considers the overwhelming evidence thit relates the field dependent 
and field independent fcihaviors with ihac of the hemispheric regions of the 
brain* 

Another danger i^plUd from these sear eh findings , is the not ion 

teaching styles usually fall quite elsmr ly into f ield^independent and field 
dependent behaviors , Clearly* there will be the possibility of half-witted 
teaching or erratia a^mnlcation of ideas to he learned. 

A listing of IWMir bthaviors psirsd with teacher behavior is 
provided for your ftu^? 
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Field Dependent 



Field Independent 



Learner Behaviors 



Relationship to peers, 

1. Likes Co wjrk wich others to achieve a common 
goal, 

2. Likes to assist others, 

3. Is sensitive to feelings and opinions of others, 
Personal Relationship to teacher. 

1. Openly .ixpresses positive feelings for teacher. 

2. Asks questions about teacher's tastes and person- 
at experiences; seeks to become like teacher. 

Instructional Relationship to teacher, 

1. Seeks guidance and demonstration from teacher. 

2. Is highly motivated when working individually 
with teacher. 



Relationship to p eers. 

1. Prefers to work independently, 

2. Likes to compete and gain individual recognition, 

3. Task oriented; is inattentive to social environ- 
ment when working. 

Personal Relationship to teacher. 

1. Rarely seeks physical contact with teacher, 

2. Formal interactions with teacher are restricted 
to tasks it hand. 

Instructional Relationship to teacher , 

1. Likes to try new tasks without teacher's help. 

2. Impatient to begin tasks; likes to finish first, 

3. Seeks nonsoeial rewardj. 



Teacher Behaviors 



Personal behaviors, 
I. Displays physical and verbal expressions of 

approval and warmth, 
L, Uses personalized rewards which strengthen the 
relationship with students. 
Instrutiional behaviors, 

1. Ixpresses confidence in child's ability to 
succeed. 

2. Gives guidance to students; makes purpose and 
main principles of lesson obvious to students. 

3. Encourages learning through modeling; asks 
children to imitate, 

4. Encourages cooperation and development of group 
feelings. 

5. Holds internal class discussions relating 
^ concepts to student's experiences, 

Curriculum related behaviors, 

1. Emphasizes global aspects of concepts) clearly 
explains performance objectives, 

2. Personalised curriculum. 

3. Humanizes curriculum, 

4. Uses teaching materials to elicit expression of 
feelings from students. 
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Personal behaviors, 

1, Maintains formal relationship with students. 

2, Centers attention on instructional objectives; 
gives social atmosphere secondary importance. 

Instructional behaviors, 

1, Encourages independent student achievement, 

2, Encourages competition between students. 

3, Adopts a consultant rote, 

4, Encourages trial and error learning. 

f' 

5, Encourages task orientation. 

Curriculum related behaviors. 

1. Focuses on details of curriculum materials, 

2. Focuses en facts and principles; encourages 
novel approaches to problem-solving, 

3. Relies on graphs , charts and formulas, 

4. Emphasizes inductive learning and discovery 
approaches. 
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With che foregoing characteristics in mind about learning styles, 
let's examine some teaching assumptions from a cultural point of view. 
Choose Che one chat best represents your point of view. 

Statement One* Studencs need skilled teachers who are very 
knowledgeable about and sensitive to their 
ethnic cultures and cognitive styles* 

Statement Two i Students need skilled teachers of their same 
race and ethnicity for role models, co learn 
more effectively, and to develop more positive 
self-concepts and identities. 
Statement Three. A skilled teacher who is familiar with learning 
theories and is able to implement those theories 
effectively is a good teacher for any group of 
students, regardless of their ethnicity, race, or 
social class. The goal should be to train good 
teachers of children. 

Statement one, two, and three respectively are the points of view of 
the cultural pluraiistic^assimilationist , the cultural pluralist, and the 
ass imi let ion is t . 

So far we have looked at learning styles and desired teacher 
behaviors. Now let's turn to the* cultural assumptions that relate to 
selecting, designing, and the use of mathematics, curricula materials. 
First from the st teaents given below, choose the one that best represents 
your point of view* 

Statement One: Use materials and teaching styles which are 

related to the common^culture . The curriculum 
should help the child to develop a commitment to 
the common civic culture and its idealized 
ideologies , 

Statement Twos Use materials and teaching styles which are 

culture specific. The goal of the curriculum 
should be to help the child to function more 
successfully within his or her own ethnic culture 
and help to liberate his or her ethnic group from 
oppression . 

Statement Three % The curriculum should respect the ethnicity of 

the child and make use of it in positive ways, 
The goal of the curriculum should be to help the 
child learn how to function effectively within 
the common culture, his or her ethnic culture, 
and other ethnic cultures* 
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Statements one, two, and three respectively are the points of view of 
=he cultural aasimilationist , the cultural pluralist, and the cultural 
pluralist -ass im , lac ion is c . 

In order to enrich the mathematics curriculum with the culture of the 
learner, it w S , the intent of this paper Co , r ~ n , ; for che cultural 
pluralist-assimilationiat point of view. Consequently, it i, imperative to 
draw examples and procedures from both the "common" culture of the United 
States as well as from the "local" culture from which the learner cotnes . 
The development and reinforcing of understanding of mathematics concepts 
should utilize the notion of "social exchange" and not social power to lead 
to productivity within the classroom, (Larking, 1975) 

The use of instructional materials in tha t,,,.H,-„„ —hematics should 
follow this paradiga; 
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Concrete and semi cQnerete ma terials- Use materials that are from 
the common culture plus those specific to the learners in the 
€ lass * 

2 " i^thffor^I^ En " U " 8e learne » tc? interpret abstraction 
in tne form of story situations they contrive. 

3. Applications: Use occupations, foods, places, and events that 
a^e xn the learners anvironmint , 

4. Drill an d Practice; Since much cine is spent here, use a variety 
of social and cultural exchanges wherever possible. 

Some sample activi ties on which you might build are- 

Objective,- Match numerals 1 through 10 with sets of objects, 

Materials: Posterboard, stickers or small pictures, felt pan , 
clothespin, r 

Procedure: Aak the learner to count the pictures in one sat on 

the posterboard and attach the corresponding numeral which 
will be on the clothespin to that set. 

Given the numeral, ask the learner to find the 
corresponding set, 



Culture 
specific: 



Use . pictures for sels that relate to a particular 
cultures , or to a holiday* 



Objective, Addition or subtraction with single digit numbers* 
Materials t Baking pan, cardboard, marker , 

Procedure I Draw and eat out 10 figures in pan , Learner can add 
or subtract the number in and/or out of the pan* 

Culture The figures could represent tortillas , hotcakes , 

Specific, cornbread, etc. 

Objective Reinforcing basic operations (facts). Glue, sturdy 
Materials,' paper or board (2 pieces), a picture* 

Procedure * Glue the picture on one piece of paper or board* Cut 
the picture into puzzle like parts and write problems 
on each puzzle part* Write the answers on the second 
piece of paper or board as they would appear or as they 
should appear when the puzzle is worked out. 

Culture Dae a picture appropriate to the child's 

Specific i culture. 



16 

- 12 - 



Reference 



!5a £;,rTV; '' Tn '' I:npUc3Ci0 " of Ethnicity for On ricul,,. Reform," in 
educational Leadership, pp. 168-172, December 1975. 

Lankin, R.M "Social Exchange in the Elementary School Classrooms The 
Problem of Teacher Legitimation of Social Power," in Sociology of 
Education. Volume 48, pp. 400-410, Fall 1975, """"" 

Ramirez III, Manuel and Alfredo Ca.ten.da. Cultural Democrat, Big°gnieive 
Development, and Education, New York: Ac ademic Press, 1974. - lco ^ nlClvP 



4y J w Lit 



t **? 

- 13 - 4 



ERIC 



Jne State of the Art of Native 
American Mathematics Education 



Claudette Bradley 
Cambridge , Mass, 



elitist: SSnSSS'bJ fir 1n »^ emt u 5 Core 



Reprinted with permission by: Nations m„ 

Reston, va 22091 - lg 82 8 



- 15 - 



1 O 
AO 



- 5 .:^;M;2 : . " - :r - are :ne < r :cr ^ n1 ,, es 3nc reserva . 10ns 

. ' ' "• i-: : - • 2na secr'e. In 2n attenot to 
:;r r '- f:.S?:- C ; jCft r anC nign ***me}Q 9 y in^^i.., Iran's neee ; a uaf" 
e-uca..on, oarticularly in ma the™ tics . Their conmun •■ H , nd reservation- 
4 :f.- nC .:;^;;9 1 y seek1n 9 £o Mr*. Indians trained in vocaHpn a r Ls 
.vmcn require competence in mathematics (Green. 1973, o. 13). ' 

. no J?! 311 f nor1ty 9 r0ups 1n the Un ited States, Native Americans are 
-ne .-est poorly represented in the natural sciences, the health sciences 

"ou^r;;"^^" " at1VS PSOp1eS are the ^st neidful of ' 
i?-:..: stat. ^rovemant in the areas 0 f health, education and social 
«elar fi 4 ndian nea.th neeas are generally well-known, as are -he orim 
^acts or nrlian underachievement in education. Even though the'^cessTfv 

or more In^.an professionals in all fields and for economic dev^o^nt" 
n t I3i 9 C!ii«5 n ! T 'f rld tie tether the major areas of concern other 
"and b^ n l?"I C , health "" e deliver ^ and Education exist in plenty! Most 
develoom^t P tL l^H CanS 1n a " Hous st ^9S le the retention and 
^onom?c d'veinnmLt ^ & *" * and that struggle lies a potential for 

che °ood -huf ^H W S 1Cn Cna " SS ? e8 ' th ;are and Question patterns for 
soec a ?;- rh'J? engineers, geologists, agronomists, aquaculture 
□o-anfs^ Irf^U n1:H 9 f5 t1C1StS ' an1mal h ^bandry specialists, and 
o 1 ]\n""; n l .,,m ?f rr,r '° urce development, management, and Planning 

c id' ,u K :,0nd ' V ; Indian teachers and programs in these fields 
•n ^ 1 ^ 6 '- e general tducational level of Native people, as well 

17/^7^, !53T p o!?f ,on * fora " '""<•-"»»' i "S^'iSI 

Achievement scores of Indian students fall below orade level as thev 
progress through elementary and secondary schools. Indian students a ^ofd 

?:JV~^. ^ hema r^L COurseS in M 9 h - schocl * Upon entering Tcollege or 
^ior^wi-hlf^?r% 0rwer - un P r « area r ^ We calculus sequence, and select 
■nH°L% 0r no "athematics requirement. The result is very few 

indians enter mathematics related careers. ~ 

Un'.wllif.c 1 °'. Njt1ve ^ eri » n students attend public schools in the 
Jn.-.ed b tares. Tne remainder attend federal BIA supported schools private 
.nd parocmal schools. The 1970 US Census found 2,329 school districts with 
at ,east one Indian student. These districts averaged f ho 

enrai.ed ;n public schools 70% iiy in five states- r,, ( ",„'„ f \ U tnose 

■ne T- X M°a'V ah0m ; * ''"^ »« "l! >! L^^: ' D," "i, 



1 or ablve 65' u^iE! Students had the lowest percentage scoring 

or aooye t»s... correct level when compared to Blacks, Hispanlcs and Anolos 
'utnwesf Reso..r.-tf Center -or Science and Engineering 1?81 n ^ 9 ° S 
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: he State o~~ Wasnir-.gton nas 13,114 Indian students enrolled in Lutalie 
schoois, 4,^0? Indian students are enrolled in districts of at least 1CT. 
Indian enrollment. These students are allocated in 25 school districts 
(icherbeck, 1976), The Johnson C ' Ma 1 ey (JOM) programs compiled mathematics 
achievement test scopes for Indian students in Washington. (See table 3) 

Choctaw Indian students in Mississippi scored be] cw grade level in 
vathematics on the California Achievement tests"."" the ga^between the mean 
tsast scores and the grade continues :c widen as the students progress from 
2nd to 12th grade. 3y 12th grade Choctaw Indian students' mean is at 8th 
grade level in -^t. hematics {Brod, IS??, p, 13; . (See table 4) 

Sells (1973) discloses high school mathematics is a critical filter 
for anyone entering the job market seeking higher education. Students 
who have not taken Algebra and Geometry in hign school are inel iqible for 
admissions to some colleges upon graduation (Office of Provost, 1976), 
Students without a backg our.d in tH aorometry are not orenared for the 
freshman calculus sequence in college; and must limit their choice of under- 
graduate major to education, social sciences, arts and humanities, if they 
plan to continue to avoid mathematics courses. Students wmO choose to enter 
vocations such as surveyors , auto mechanics, machinists, carpenters, roofers, 
electronics workers and technicians in scientific and industrial laboratories, 
are not required to earn col leg.- degrees, but are required to study high 
school mathematics beyond algebra (Krienberg, 1976, p .2) . 

The evidence shows Native Americans are not obtaining sufficient 
competence in mathematics to study the higher level mathematics courses 
in high school, to take the calculus sequence, and ^ enter mathematics 
related careers. All the recruitment efforts of Indian communities and 
reservations together with high technology industries to employ Indian 
people in careers requiring mathematics or statistics will be unsatisfactory. 
As long as Indian students avoid mathematics and limit their choices in the 
job market, there is little hope to raise the overall relative family 
incomes of Indian people to any significant degree. 

If mathematics educators of Indian students are to resolve this dilemma, 
we must investigate the contributing factors, For any school setting the 
student's education is effected by teachers f curriculum, administration 
and community, Indian students have the added dimension of living in two 
worlds-home and school which are products of two cultures - Indian and White, 

he questions are: How do these cultures contribute to Indian students 
avoidance of mathematics and lack of competence with mathematics? And what 
other factors in the school setting contribute to the avoidance and lack of 
competences? 

Dr. Rodney Brod (1976) compared Indian students with their classmates 
and found the differences to be that Indian students had more resident 
changes, were more rural, lived further from school, rode the school bus, 
had older siblings and more sisters, had Ijrge families, and no phone 
listed in school files (Brod, 1976;, To consider these factors, no phone, 
changing residence, and living f .? r torn school, teachers and school administrator 
would not have an easy time contc parents when they needed, Likewise, 

having large families, living far from school and no phone, parents would 
not have an easy time visiting or contacting the school. 
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.nci.n students st-uccle to survive in two :u1 tyres. Generally teachers 

; ;'y" icmim stra to.-s are not Indian and nave tne cultural values of 

'• : * * ; " society. Indian stucents attanc sc.ncol 5 nours a a ay ana oring 

' ' • ' ! ' • = n a • • •"' '""n • • m< snvi-onment ana Indian 
- u*" t*5S in CO tns room 

^ i "'- s , J ' M cor« .. 1581 ; ana Lsm 2 i- tr : • ; nav- written acou* 
-:; = :cs ;- rriin 5 J* Navajo students 'n relation to the Navajo Language. 
.. ;- nc ' jr -he language has styles tnouQHT. and communication; wnich 

_['""''■' ■' : - : '- n '-> in their aoproach to soivi'na problems and learning 
c.-.-nat-wa; conceDts, 'heir papers indicate that research is needed to fully 
;'"'"^:: nd * ne eT ~ ec ~ or Indian Language on mathematics learninq of Indian 

„, .... " 3C ' " 5Sl?y n?eO) in Cn Understandinc tn a Mechan ism of underrepr esenta tion 
■ ■ ncr: ,e '' 1n Mathematics, says" chi IdreK of other cultures have different ' 
"• n '- 1 ' 1n s-ghts about behavior patterns ', o . 5). Some decide to tell thei " 

™r? 9 !sn t J e r S ^- ttem ?-, t0 kesp their f «lings. Elementary teachers of Indians 
■emark aoout Indian children's silence in the classroom, This factor makes " 
-.auovsry based teacmng methods inappropriate in traditional Indian 
^unities according to Green' ( 1378. p. 5), However, Indian students' behavior 
o silence snould only discount discovery based lea mine when verba" responses" 
ire expected. Discovery is an intimate Dart of everyone's learning. The 
^Dression or tr.at learning does not have to be a verbal response, but can 
oe non vernal . especially, since traditional Indian communities/tribes had 
• ' =oom sticated rorms of non-verbal communication. 

^ Reporting on the conference on Mathematics in American Indian Education, 

, Jf " een s-y/Qj writes, 'conferees agreed many mathematics teachers and 
uoun»e!ors_perpefjatea the mystique of math as hard and inaccessible to all 
out tne brigntest students" : P . 4). This may occur from their own fpelinqs' 
apou, rnatnernatics, for they tuf'er fr 0 m painful experiences with matn 
m tzman , 1976, p. 11 . 

Conferees on Mathematics in American Indian Education agreed Indian 
stugen-- are both unprepared and dissatisfied with mathematics (Green, 1978 
';• Indian teenagers are more verbal than those in elementary school* ' 

wagers reoel against the "stringent discipline practiced by federal and 
oarccmal_ schools" and choose not to study the most "disciplined, visible 
' srn ; " l"' 1 v 0? educ ation", which thPy believe to be math and science courses 
jreen, 19/8J. In nigh school Indian students select social science' and 
humanities, r 0r rney appear more relevant to their lives. 



.-•icnyrs ind counselors believe Indian students are incompetent in 
-.i-nu-.-iMtics. i hey encouraqe only the most promising students to cake 
V mathematics courses in high school. Or. Brod, University of Montana 
-ound ceacners will give white students the benefit of the dcubt when qradinq 
but seldon extend this practice to Indian students (Brod, 1976). "" "" 

Parents influence teenagers, especially mothers. In Choctaw student 
..tdessment o. vocational needs the question was asked: "In chuosina your job 
,r career, whose ideas are most important?" The major responds wer/ 
•\ JdM$; (81,9 J and 'mother's ideas' '46.9.1). The major career choices of 
- -vuden- s were Professional (40.6'i), and Craft/foreman (15 6',) 



1 

(3rod inc Broti, I -*> Co-vilig student assessment of vocational needs the 

same question was as<ed. The major responses were "my ideas" (90. 31) , and 
"mother's ideas" (52. 2j). The rajor caree^ cnoices of Colville student's 
were professional* ( 32, 1%) , operative (11.20, clerical ( 10.4%) and service 
worker (10,4^) (3 rod and Srod, 1981K 

Two types of students acre::- :j De jood candidates for mathematics based 
career, ^he ^irst nas an excel ner^r, ""or algorithm jnd cerini lions, olus 
has successfully practiced their aoDMcation on classroom assigned problems. 
The second is the individual who recnn? tnjcts *ma thematical ideas, creates 
problems to test ideas, completes all classwork and seeks to learn more about 
mathematics by himself (Easley, 1980), Traditional Indians had a highly 
developed memory needed to pass on the culture (Moore, 1981), This ability 
to memorize has not been employed in the mathematics classroom. But as 
Easley writes, students who memorize definitions and algorithms do not survive 

higher mathematics courses as well as tne "self-taught problem solvers 
,/ho easily create ways to solve new mat^r^tics ::robl ems" ( 1980, d. 3), In 
any case neither of these two types o* m^th students is being encouraged among 
Indian students by their teacr.y r r - . 

The question to address at this point is how teachers contribute to the 
lack of mathematical competence among Indian students?' In elementary schools 
teachers teach many subjects, Thev suffer from math anxieties developed in 
their own school days (Sells, 1971, 0,2), Generally elementary school teachers 
are not trained nor enthused about mathematics, High school teacners are trained 
in the subject but lack special training and commitment for Indian students 
(Green, 1978), Most teachers believe in equal education for all, but they do 
not have the resources to meet the responsibility. Teachers criticize their 
studies at college and universities. None of their courses provided the 
understanding of problems they dealt with in the classroom (tasley, 1980), 

Lucy Sells (1973) wrote "the traditional classroom forces people into 
□roving other people wrong, " Jack Easley ^1980) wrote "Mathematics classes 
are ' extremely dull' in all grades K- 12 in all kinds of schools for all kinds 
of students. " When students simply memorize facts, they do not learn how to 
aooly them in the real world. When they rely on formulas, they do not learn 
to think (Heltzel, 1976), The two forms of problem solving are: application 
jr alnorithms to written problems and the creative exploration of a problem 
Situation. The first is considered problem solving by elementary school 
teachers. The second is needed in advanced mathematics courses and in real 
life situations (Easley, 1980), Elementary school teachers are afraid of 
students who demonstrate creativity in mathematics. They overlook the 
cjriosity of students and prefer to focus on the economic pay-off in later 
life. Green (1978) concurs that Indian students are encouraged to study 
r-a th only to fulfill a college requirement or vocational program. 

Ma themati cs materials for Indian students needs more attention (Green, 
1978). Many textbooks used by Indian students do not address their cultural 
ar.d intellectual interests. The quality tends to be less than satisfacory 
(Gore, 1980), 

Herbert Their, of Science Curriculum Improvement Study at UC , Berkeley, 
warns educators against the " remediation syndrome 11 and "identity accomplishment 
confusion." The "remediation syndrome' 1 is the belief the child is the problem 
and needs more time at the same thing. By spending more hour's the child 
suffers longer and develops a poor- sel f-image and dislike of the subject. 
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' V ' neecea to survive in r 0days wo „ lc _ , . . -.^? c : " -JT?": ng 

--:=^s ;:n^/?»-f4»-^^ sn >; a Thet : ^es^e, school 

:.: -;f,„1 ^ in . SCnoc ! re I* ted S*i-ls snd relate tn e ir lT D ort^,a *S %ir 

r — SSI 9 - Ca u r ?lLll?u 73) r: 0tS "^"nding Counselor Influence into the 
rpac^eri ;: =5 ? e :" liarmn 9 experience used by mathematics 

"as so in ne ?"if™oSf a f«n5 ; 1 ' d 7 n - tSaCher Planted" the mathematics 

classroom Sh? « l L Learn, ng statins were set up around the 

-n V ! learn1n 9 ■'eaaer at eacn station. Students were free 

; hV ° n 1 w" de : f V° rotate amon 9 ^ stations. The leaSer reviewed 
w'^nd up the Usson rhe U ? e r tS t0 Questions, and checked their work To 
1- o- ;! ! J" h R I?' 1 1ead T 9ave 9raded Checkup reviews which 

',n w J? 4™""^ Whe " '' ;)rn!Jd ^ w1 th a "ntrol group the , 
" ., - •'"••r -earner experience gained more in mathematical eonceofs 

t0ward tne experience and demonstrated 
• -owaro 30,,, /fc at.itudes toward mathematics (Cardell,. 1978, p. 12). 



Haya" ThfJIi^L? tducat, r v1a Rad1 ° amon 3 Guatemalan Highland 

^ ; rV ,4 : ; M n " converted their homes into classrooms three 
; n'at are -hP , ! SSOnS were ^oadcasted eacn evening in the Tzutujil 

• - ??;V S ;2;„£ *o% fin" 6 ' ° ' the radt0 for ouestions and for 

'o',,: . ? ' a «** k t"«t eaCher returned to the broadcast 

^ a ^-°I," e - eaChe -' -rtJey^refativef 6 n^rt^n?" Md 

, o^ninsare dL^uW^Tfo^ ■ - ™ 0) ' " at, "' e A ™rican loom 

5UD ^ ec - s for Logo computer-:; in technique color. 
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-rojsct SEEC designed by William Johntz (1980) is for minority school 
age cnildren, Trained scientists and mathematicians teach abstract conceptually 
oriented mathematics wi tn the discovery method. The staff loves mathematics 
and communicates well wi tn students. They have observed creative answers 
and questions in their students to responses that are generally considered 
"wrong" answers by traditional nathemat'cs teachers. Project SEED has been 
successful 'n Berkeley, Californ-- wit- 4th and 5tn grades for over 17 years, 

Oregon Mathematics Learning Center Salem, Oregon ^as designed creative 
ways for teaching mathematics. "One way is the 1 ab" approach (Mltzman, 1976, 
o . II). i he Mathematics lab provides opportunities for students to explore 
mathematics through games and hands on materials. The center offers workshops 
f or teachers, provide a place for materials for learning mathematics. 
About a third of the teachers have been Indian. The written responses of 
teachers who attended the workshops were very positive. Many teachers became 
Tiath enthusiasts czinan , 1.576 ; neltce 1 , 1 576 1 . 

In summary , to address t h p cues t ion of what factors may i mo rove the 
mathematical competence of Indian stuGent: the analysis of this paper places 
the findings in three categories: the cognitive domain, the affective domain, 
and the social domain. In the cognitive domain Indian students must be 
encouraged to reconstruct mathematical ideas, create problems, test ideas, 
complete classwo^k, and seek to 'learn mere mathematics on his own. As in 
the SEED project, Indian students need to develop spatial relationships, 
which can be accomplished through creative uses Of hands-on materials, as 
well as s calculators and computers* In the affective domain Indian students - 
need support and counseling from Indian comnuni ty members and mathematics 
related professionals, In the social domain Indian students may need briefing 
or. mathematical language, test-taking strategies, and/or appropriate problem 
solving techniques prior to studying higher math courses. Culture based 
mathematics should not push aside the main focus of learning mathematics, 
but would be most effective if Indian community members took primary 
responsibility of developing culture based mathematics both in and out of 
school and worked cooperatively with r a thematics teachers of the school. 

Mathematics educators should be aware of research in culturally appropriate 
comnuni cation styles, especially in reservation areas. Of particular interest 
should be the issue of silence in elementary schools of Indian student and 
the traditional soon istlca ted non-verbal forms of communi cation , There are 
other forms of expressing learning than talk. The use of hands-on materials 
and computers would be appropriate for quiet students. Discovery methods 
would wo r k and teachers would learn to recognize learning. 

At the high school level particularly, Indian educators should research 
the job market within Indian communities as well as the greater non-Indian 
community. They should familiarize themselves with the role of mathematics 
* n these vocations and professions, relating the information to students > 
and creating opportunity for students to meet Indians in those fields. 

To make any lasting effective change in mathematics education parents, 
tribal leaders, counselors, teachers, and administrators must be educated 
aoout the necessary change: . Mathematics has been taught the same way in 
elementary and secondary schools for over a hundred years. Educators learned 
ff rom the intervention of " New Math" in the 196Q's that when teachers and 
oa rents become frustrated over the changes in mathematics curriculum, the 
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The Problem 



One of m ^asic problems we face as mathematics educators , deals with 
the ways in which.-, we can be more effective in c 0 ™i=iting mathematical 
ideai. This eoi^unicfltion becomes critical when teaching students for whom 
English ls a LMBuaga not understood. In view of ft learning difficulties 
which face language minority students, the lack of proficiency in English" 
is found to be at- the core of the problems. Linguae proficiency is also 
the focus of the^various legislative and legal numdah which direct school 
systems to provic^e equal educational opportunities to linguistic minority 
groups. Both fnc= Bilingual Education Act and the Xflivs. Nichols 
^Remedies address the fact that . . students whodo not understand 
English are effectively foreclosed from any meaningful creation" (414 
U.S. at 566,1974-). It is widely believed that the linguist ie minority 
students failure to achieve in school is caused by tte "language "problem. " 
Research studieg have also indicated that there appeiri to be a 
relationship be C v=een these children's degree of proficiency in English and 
^cademic functioning (Lewis, 1959, Carter, 1970; Anfaon and Johnson, 
1971| Campbell, 1 9/3; De Avila, Cervantes and Wan, 1970 • Cummins, 1981). 
It may be assumed from these results that the more proficient in English 
these students ar,«, the greater the opportunities available for them to 
achieves school , Applying this assumption to th* learning of mathematics 
two basic questions must be addressed before intension programs "are 
designed to assisttt these students. First, to what eitent does the 
student s first a=id/or second language effect learning and the assessment 
of achievement in mathematics? Second, what English language skills are 
necessary for successful achievement in the subject? 



The above questions provide the foundation for tie study of trie 
problem— underach&evement in mathematics as a result of lack of proficiency 
in English, In addition, the issues raised by the qua t ions are relevant 
to all language minority students,* the inability co use the Englishi 
language in a flctrooi setting is a problem all languap groups face. 
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Analysis of the Problem 



The language factor in mathematics education may be analyzed in terms 
its effect on the learning of mathematics and its roT i in the assessment 
ozz achievement* Also* an analysis of the language skills which are needed 
fcor successful mastery of mathematical concepts and skills may contribute 
ti=? a further clarification of the problem and possible solutions. 

The interest in the relationship between language and learning is not 
a new one* Some have suggested that language determines and defines 
tKr"tought. Others, such as Piaget (1956), have tended to accept only a 
1 limited effect of language on thought* However * his coworkers have 
e^scpanded on this premise by suggesting that language development may be 
i^rifluenced by general cognitive development since some major changes in 
language mastery occur at times when major cognitive changes occur* From a 

£\ =rther review of the literatures it may be assumed that language and 

Isarning are strongly related* 

The relationship between language mastery and mathematics learning has 
le^Dng been accepted, although not always recognized as a factor in the 
learning of mathematical concepts and skills* There is sufficient evidence 

this in the literature. Thorndike (1912) stated that . * our 
sffiasure^ent in arithmetic is a measure of two things* sheer mathematical 
k^^ow ledge on the one hand; and acquaintance with language on the nther* 11 
AELken (1971) in a review of verbal factors and mathematics learning* 
reports that researches have long recognized the role language plays in 
p^rformince in mathematics* Studies indicate that there is a positive 
cc^rrelation between reading ability and scores on tests of problem solving 
ir— i arithmetic* More recent studies performance and second language ability 
(Cossio, 1977)* In addition, there appears to be a relationship between 
i^TMtruetion through the student's native language in curriculum content 
arcreas and high achievement in those areas (Granado* 1976^ Tsang* 1976 f 
Cc^Dffland and Cuevas, 1979 f Cue^as and Liabre* 1981)* In summary* the 

lat ionship between language factors and mathematics achievement is not 
cUtarly understood but may be appropriate to assume that in order for a 
s^^udent to master the mathematics concepts* the language of the concepts 
sujst be mastered. 

In addition to the relationship between language and the learning of 
{mthematics; the role language plays in the assessment of mathematics 
ai^^hievement must be discussed. The utilisation of a language not 
ur^iderstood by students is frequently given as one of the reasons for the 
ir~iappropriateness of existing tests and testing situations when used with 
tl— lese students (Moreno* 1970; Be Avila and Havassy* 1974| Ramirez and 
Granialaa, 1972*) According to Chandler and Plakos vocabulary contained in 
thne instrument is unfamiliar to them- Gearder (1975) provides an argument 
SL=_apporting the notion that the use of English as the language of the tests 
i^B one reason for the obtained decreases in the achievement scores of 
HQLspanic students- Although this claim is debatable* several studies have 
le=nt support to this hypothesis, Holland (I960), Mycue (1968). and Meeker 
arrr^d Meeker (1973) found that when tests were translated, Hispanic students 
tesnded to do better on the Spanish vers iona than on the Engl ish vers ions * 
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But on the other hanA * 

C J 929) found no si^if - St3 ? £ and Cordova (1953) ariA M 

language la Spani.h ,- B *.„ ~ -.J!?. 1 "" 10 "'' f ° r """tent, whose fl„c 
Ufr.eur. as accept.bl, Oi«»"h. " haE '* "—Uy «p" te d"„ th . 

lack of understanding the I { ■ " reading of the problem; ind f4) 
Hargis and Knight ^ 1 """^P 8 ' "ore recently/ 4 ' 

developed which match the child'. 1 reading materials have been 

Pre„« a fflisnatch bet^^^JS^^^tie. material often 
vocabulary, it is Hargis and K.n" , ' ' h * text ami «-he student's 

be paid to reading re if ted^in^s nceTll^jr tH « -tentlOn 1st 

m definite language statements u < 1 ™athemati C8 ideas are "imbedded 

nouns signaling idlas." ' ; .igo«liag relationships and 

JanguS 2^-f.£ ^^S^-Pl- -p*«i. on 

language constructions tef X^S^S" f" h ™ ^"-ny™ the 
the same assumption for the child „h"« ? lae8 "°». One cannot make 

Research e ff orts musc be ^ J" tow" dfl a h T an la ? 8Uase io "« English, 
and language-related teaching strars I f he anal ysis of language skills 

"Unority student's learning "*» faci litaC f £ £^ gfl 



Future Direct ions 



Throughout the search of the literature one glaring fact is evident— - 
there is a dearth of research concerning tn% nature of the relationship 
between language (in general) and mathematics learning and the role 
language plays in the assessment of mathematical concepts and skills* When 
the focus is placed on language minority students * the absence of research 
studies is extremely apparent* Based on thl premises that language does 
play an important part in mathematics lea^nifig andi that language factors 
account $ in part* for the language minority student's underaehievement in 
mathematics, future research efforts should be directed toward multivariate 
studies of the relationships among selected aspects of mathematics and 
various language variables* Careful considetatiori must be taken in 
incorporating levels of student language proficiency , socioeconomic status, 
age and sex variables as factors in the r^sMfch designs* 

With respect to language effects on tht assessment of mathematics 
achievement, studies need to be conducted which examine the reiationship 
between the level of reading difficulty of tliBtesfc and student's 
performance* As with all research conducted with limited English 
proficient students, the definition and aas^iiinenc of language proficiency 
must be carefully thought and carried out* 

More spec if really , the following are gooe of the questions which are 
suggested from the above two areas of concern! 

1* What is the nature of the reading id languigi (general) 

difficulties present in selected a^efie of mathematics (concepts , 
problem solving* etc*)? 

2- Is there a language effect upon ^chievemerit in computation? 

3* To what extent do mathematical skills trans far from one language 
to another? 

4* What is the relationship of reading i£hieveraant in the student's 
home language and performance in problem solving in mathematics 
for bilingual and limited English profic i. ent students ? 

5, To what extent do specialised language mm thodologies f such as 
English as a Second Language (ISL) in th^ content areas f 
facilitate learning in mathematics? 

These , then , are just a few of the many chal lenging questions for 
study, Their answers will hopefully provide equity of educational 
opportunities in mathematics for the language oiino^ ity students. 
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* n order, for me rn fj *m ^ ^ ' « ~ fc 
I have CO haliave that ^fll, Cii * arC " about anything, 

aducationallv important a^tf " ls « i« socially significant, 8 

of chase Chr'ee, ?r.; o a u ° * J T ^^"^ ' ^ ° n « 

=o read, such a paper" t f "iv h ^ me C ° Wri = e ' and a *yone 

educationally ^porta^" " d _ mache ^« i- socially significant and 
should have the same woorll ' " f omn,i "*d C ° Che belief cha = wo Mn 
of — y, chen ^ue'of ^ 6 ""f d " J" C ic ^ a » *» all aspeccs 

becomes vital. Without = « Jv J differences in machamacics ■ 

effectively filtered "ctf^o" ^-"! Cl °J *" P*°P le 
increasing number of job. L 0 * •ducation options and an 

-enc or change in adul chood is also f " ' , ^ 8 ? PCl ° n ° f C8 "« advance- 
auchanmcical crainine Sml < ! aeverel >' handicapped by a lack of 

--.von,., Mn ; i n L ■ A ; h i~i? uat ; c r ainin * in h amPers 

= ial in macheLcics ^ a «i« " " " a « hievc ^ir full no ran- 

pities in edu^"i on Thl h \Hu"entlv "LIM - ^itf ^ 

Knowledge and skills UOfil a rt .ni ^ exists, Without mathematical 

There is a fitm'^edgelasraboul ^ '° '^^ S — ' 

"• ,:i :;i;^^or:n r ou m rr re are a areat many d * ca — - v. r i. ey 

Data about acnlevemen b f e^lef^ ^ SUh °° 1S " d diversities, 
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mathemacics educati^ u ?** h * S betfn inc ^d as a variable in 

o T Ch for d« eades , nd a±nc , abouc 19? scudi 

related co^ Sf^™ *™ ^"'E^S? ° f ' 

tion sroarams have k ( ,^„ ,„,.„., T 1 In addition, many interven- 

in most Lies I j ^"l a ?° "•Panted. These programs, while 
U.at many tfve about hf % haV8 lnc " a " d ^ intuitive knowledge 

he effective L i" solut^ ^ ^"'^ ^ P"«d u re S which might 

There : are availahI S C ° h feView aU of ch «a data and studies in this paper 

problem is? "at causes ^ Lh " y °" my synthesis of what the 

synthesis is based on che k„"f JfT r P °" U , a ° lu = ' «°P«'ully, che , 
.ncansively for abo a decide and thrown * by ""^"S *• Probl- 

involved in che area r !"f! ??? ChrOU 8 h uv ""Cflccs with many others 
:o raise serious , f Uke to "ucion you, however, that I plan 

in .athematicfjucacT" 1 "; f LaLf 1 ^^1^^ 

ever, I do not heli^ rK a ^ as well as all ocher groups, How» 

'« -"LS'iJWjsirujs jiExr »«««« -» — *-«■ 

What is the Problem? 

-tics^r;:; in r s e e co nda P rr nC d S °' pr '° bl,im: — ' P— i» -tha- 

adulc mathematics-related ^ " P°" secondary years, participation in 
schematics W^^la 'h'rf ° CCU P flClons ' ^ achievamant or performance in 
= ercen'a"^"of^ 1 ™i£ and f sex - rela " d differancas in the 

in sM „nda ry c " W c f b :: " , ; ho " e -roll- in mathematics class., 
is rhac chase dl f J informncion wa have .,„ , nationwide has 

ltfCr * nCM are not dramatic until pose secondary education. 
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Jjnsiuer zr.£ in:cr^a:;on cn 1 L ec ;wo na:Lonai surveys anc repcrtoc 

-gcantly by Armstrong 1961}, While these :a:a always show that more 



Insert Table I about here. 



-ales than females elect mathematics courses, wi = h :he dirftrencBS increas- 
a: -.ore advanced Levels, such i Terences dr no: appear Jramati- - 
:hey explain the extreme di: : erences zz ir.n L;\ ::ir:i£ina:ion in 
na tr.ema tics related careers. 

Instead of data collected from a nacionwij- sa^l e, consider data 
collected in a more restricted area - the State oi Wyoming {19^8), Indeed s 
differences are evident in mathematical preparedness between girls and bovs. 



Insert Table 2 about here. 



What happens when we look at individual scnools richer :han c^mpi I in* 
ior oss :ne nation or a state? Wide variation in enrol I:aefi* patterns exist, 
with more females than males actually enrolled in advanced math classes 
in some scnools, l am convince-- that whi_a enrolimenc trends may be 
encouraging on a broad scale, it is only by looking at individual schools 
that meaningful assessment of females' enrollment in advanced math courses 
can be made. 

All the data available indicate that the differencial enrollment 
is greatest in post-secondary mathematics courses and In all programs 
where mathematics is a key component (such as Engineering or Comouter 
Sci ence) . By adulthood, the vast majoricy of people who use mathematics 
are male, 

■ Differences in Achievement 

3efore 1974, most studies reported male superiority in mathematics 
learning (Fennema, 19785, These studies usually used random samples of 
'€*muLes and males in secondary schools. Since traditionally, females 
have not chosen to study mathematics as often as have males In advanced 
secondary school classes, a population of males wno had spent more time 
■studying mathematics was being compared to a Population of females who 
nad studied less ma t hema t ics , Since the single most important influence 
on learning mathematics is studying mathematics, it would indeed he 
strange if males had not scored higher on mathematics achievement than 
did females. 

During the 19 74-73 years, there were a number of studies published 
which indicated that sex differences in favor of males were not as strong 
as had been believed previously, I hypothesised at about this time that 
sax differences in mathematics might be eliminated if schools would some^ 
now ensure that girls elect to study mathematics as often as boys did, 
iowever, within the last 1-3 years, i number of studies have been repor t eo 
which have made me at least partially reject that hypothesis, these 
studies have carefully controlled the number of mathematics courses 
studied by both girls and boys and have also used items of differing 
■ r*n i c ive complexity to assess learning. 
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The California Scats Assessment of Mathematics wis done in io-e 
macnema es r ^"erffe > 2° . r ' P °"«? SCud ^ = he — of 

signifiMnt'y hirte c £ - «d concluded. "Twelfth graue males scored 
-,t t " M .„ :J " C , " n cemale * "» =he problem-solving subtest, 
--h i e! " .Tf SCO?ed ^Snificantly higher on the lower level 
-nemacical skill ,»: computation." The Mathematics Assessment of eh» 

emales w«f: offl ^h e rT nC " "^"^ Progress indicacedaLr that 
■■hTl. " mew J aC b «"« « computational tasks than were males 

I-pec C ^ 

«hi iVM Hyae (lief) L fnT ""^^ WlCh ""hematics 

^la C ed e difL 0nly C ° nciude fr - a v «i«y of sources that while s „ x - 

oeners, difterences are consistently found, 

Why Diffe rences Exist 



bo ch 



What is the cause of these sex-related differences in mathematics 
election to study, and achievement? Involved is the cognitive 

"Tear f n T LmpLf 2c LT^^n ^Ivel E*" 
scnooi. in addition to these social and educational influxes "there 

"r% n% e tic n ^ e S b i 1 L diS rt SSi0n iU USC ^ ^e Inn^ces 

.enetic /ariables. It is outside the scope of this paper to discuss 

: ;; ;;:r:wr u r* nuric (s « s »s e - wsJ - ?™™: " 8 r 

' • " ,Ujre chorou B n discussion). However, the knowled S e base from "which 
? !nC ' USlons ab f" c differences are drawn is verv small and cone C- 

s.ons are usually based on poorly interpreted data. !n addition, the 
•. rUM1 ' Jri - Umcnt ' evan " ir - were true, could never explain the iarge 
.u, rerences found in par ticipacion in mathematics-related careers 

t^hrtn^* :L " m ° re 3snsibie co focus on variables which are amenable 
* A rciac«d du furenees is .;p.in,u visual izneion m- i 1,.. ,ki i , , 
elJE8y J » x. currently being challenged, che evidence is 



*v Ldtance is still 
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:>ersiujsiv,j th.it in m.my culture, imU- .upyruin cv on ;>usk*i that require 
spatial visualization U evident beginning during adolescence (Fenn^. 
i9 ' 5: ««COby Jacklin, 19 74) , Tha relationship becween mathematics 

and spatial visualization ,s Logically evident. In mathematical terms, 
spaciai visualization requires rotation, reflection, or translation of' 
rigid figures, These are important ideas in geometry. Many .mathematicians 
believe that all of mathematical thought involves geometrical ideas 
OBronowski, 1947), Therefore, if spatial visualization items are geome- 
trical m character and if mathematical thought involves geometrical ideas, 
spatial visualization and mathematics are inseparably intertwined. 

Not only are spatial visualization skills relate- to ideas within 
the structure of mathematics, but spatial representations are being 
increasingly included in the teaching of mathematics. For example, the 
Piagetian conservation tasks which are becoming part of many school pro- 
grams, involve focusing on csrTact spatial attributes before quantitv, 
length, and volume are conserved. Most concrete and pictorial represent 
cations of arithmetical, geometrical, and algebraic ideas appear to 
be heavily reliant on spatial attributes. The number line, which is used 
extensively to represent whole numbers and operations on them, is a 
spHtini representation. Illustrating the commutat ivl z y of multiplication 
by turning nn array 90 degrees, involves a direct spatial v'sua isation 
ski] 1 . 

Although the relation between the content of mathematics, instruc- 
tion in mathematics, and spatial visualization skills appears - logica 1 , 
results from empirical studies which have explored the relationship are 
not consistent. Such studies are usually correlational, which gives 
little information on the impact spatial visualisation has on learning 
mathematics. The hypothesis that I and my colleagues are currently 
investigating is that the critical relationship between mathematics and 
spatial visualization is not direct, but quite indirect- It involves 
the translation of words and/or mathematical symbols into a form where 
spatial visualization skills can be utilized. 

We know that females tend to score lower on spatial visualization 
tests than do males. What we do not know is if females differ from malum 
in their ability to visualize mathematics. Also not known is if good 
spatial visualizers are better at this translation than are poor spatial 
visunlizers. However, I am increasingly convinced that there is no direct 
rausal relationship between spatial visualization skills and the learning 
>>t mathematics in □ broad, general sense. While I am continuing to investi- 
gate the impact of spatial visualization skills, I am less convinced 
than E was that spatial visualization is important in helping understand 
^ex-related differences in the studying and learning of mathematics, 

Classrooms don't appear to use mathematical representations which 
either encourage or require the use of spatial visualization skills, 
Uhilu some primary mathematics programs encourage the use of concrete and 
nuturial repres en ta t ions of mathematical ideas, by thu time children 
ire 10 to 11 years old, symbolic representations are used almost eKclu* 
aively. Perhaps boys, more than girls, utilize the concrete representa^ 
LMns, during primary years, and thus, develop higher skills in using spa- 
- L - } ! visualization in iearninH mathematics. As far as I know, however . - 
r ^ ■ ■•!»* is inves t i ^at injc a hypothesis, 
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Affective Variables 

If sex-related dir f erenc es in mathematics can't be explained by 
cognitive variables, are there other variables which will help? Several 
variables that I label as affective provide important insight into why 
females elect not to study mathematics beyond miniriL requirements and 
are not learning math as well as are males. 

Affective variables have to do with feelings, beliefs, and attitudes 
The affective domain is a complicated one and has received less attention 
:han the cognitive domain, partly because variables within this domain 
are difficult to define* measure, and understand. All too often, aJ I 
jf receive variables have been lumped together into one large conglomerate 
and labeled as attitudes. However, this type of combining often masks 
many important things. 

There has been an increasing amount of literature published which 
aeals with specific affective variables and their relationship to sax- 
related differences in mathematics study (Fox et al . s 1979; Fennema, 
1978; Reyes, 1980). Two veil-defined variables (confidence and percep- 
tions of usefulness) are closely related to studying mathematics, and one 
other complex variable (causal attributions) has been hypothesized to be 
an important determinant of electing to study mathematics (Wolleat et al-. 
1980) 

Confidence in learning mathematics is related to self-esteem in 
4enarai. High confidence in mathematics appears to be located at one end 
of a continuum and anxiety toward learning mathematics at the other end. 
Confidence in mathematics is a belief that one has the ability to learn 
new mathematics and to perform well on mathematical tasks* It often is 
measured by Likert- type scales which include items such as: I am sure 
that I can learn mathematics; X can get good grades in math; or I f m no 
^ood in math* 

The literature strongly supports the fact that there are sex- 
related differences in the confidence-anxiety dimension* It appears 
reasonable to believe that lesser confidence, or greater anxiety on the 
□art of females is an important variable which helps explain sex-related 
differences in mathematics studying. 

While evidence exists in abundance that there are sex-related differ- 
ences in this confidence/anxiety dimension related to mathematics, much 
is unknown about Us true effect or how such f eelings are developed * The 
relationship between spatial-visual processes and the confident anxiety 
dimension has not been explored* What effect do feelings of c, idence 
have on cognitive processes involved in learning mathematics at in solvin 
mathematical problems and vice vtrsa? Are feelings of confident stable 
within individuals across time and across a variety of mathematics activi- 
ties? Does lessening anxiety increase either learning or the willingness 
:o elect to study mathematics? Do low levels of confidence affect females 
differently than they do males? Are there really sex differences in con- 
fidence toward mathematics, or (as many have hypothesized, Nash, 1979) 
•i r w r^maias just more willing to admit their feelings than are males? 

Currently* there are many studies underway which will help in answer- 
ing these questions. Until they are available though, one must jus t 
accept the evidence that females, across a wide age range, do report more 
inxiczv and less confidence toward mathematics than do males.: 
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Even when females succeed in mathematics, thev jccributa th-ir SU1 - 
cess so tor-., other than chair own ability, such as tuck, much more than 

(Wolleac ec al., 1980). Females' causal attribution patterns 
are ..Liferent Horn thesa of males and causal attribution theorv ho Ms 
promise in helping understand sex- related differences in mathematics 
Causal attribution has to do with what one believes causes successes 
and taiiures. In one model (Wainer, 1974), attributions of causes of 
success and failure are categorized into a 2 x 2 matrix with locus 
control (internal-external) being one dimension, and stability and insta- 
bility the other. 
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External 


5 cable 


Ability 


Task 


Una cable 
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Figure 5 

One can believe that success or failure occurs in mathematics 
because one is smart or dumb (ability) t one tried or did not erv < «f :'or: i . 
Mi.,- rnomac it s ^nu In doing is easy difficuir fc.icio, or me 'ms , r 
..-t^n'L :yvt- a ^mkI reacher ( luck/env rumnent ) . 

Pattern of causal attributions affect persistence in jchievemenr 
,rxenCeU behavior, t:, a somewhat simplistic suwrv, If ,. ne attribute . 
-success to an internal, stable dimension (ability), men ,- nc expects 
success in the future and will continue to strive in that area. If one 
attributes success to an unstable or an external cause (e.g. the teacher), 
then one will not be as confident of success in the future and will be 
less apt to strive or persist, A somewhat different situation is true at 
tailure attributions. If one attributes failure to unstable causes suen 
as effort, one might work harder the next time and failure could be avoided, 
rfich this situation, the tendency to approach or persist at tasks will be 
encouraged. Attribution of failure to a stable cause, on the other hand 
will Lead one to beJ ieve that failure can 9 t be avoided. 

While we must qo careful of overftenora I izi ng data and conctudinc 
ehni ii; moles behave one way and all females another vav t many studies 
uivw spurted that Females and males tend to exhibit d i f f eren c* a t tr ibu- 
Clonal patterns (Deaux, 1976; Bar-Tal & Frieze, 1977). Males tend to 
at tribute successes to internal causes, and failures to external or 
unstable causes. Females tend to attribute successes to external or 
unstable causes and failures to, internal causes," This at tribut ional 
pattern has been observed in mathematics (Wolleat at aL M 1980) as well 
as in other areas and probably affects both long term persistence (elec- 
tion of courses) and short term persistence (sticking with a hard prooiemj 
ihis particular combination of attributions (success attributed exter- 
nally and failure attributed internally) has been hypothesized to strongly 
.urecc academic achievement and, in particular, females' achievement. 
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ceiva that D «« fe ,« aria0J -J*» females also report that they per- 
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i« a tiale donurni. Evidence also exists in abundance (Fox loan 1 rh»r 
parents, teachers, and counselors believe chat aatnen.cie. }f. 'JJ" 
approprtate activity lor .ales than it is for "fellas ™. se LTil,, 

i , Vftys ' ilattl lg Perciived cq be inappropriate for «4r1« Tr - 

in order to achieve, & Semalics P " Ciaii ^ che " f^ininity 

in , n ^?H e Ch9 . evld «" c e ^ strong that there are sex-related differences 
in confidence in mathematics, perceived usefulness of mathematics and 
- 3 u Sai attributions of success and failure in mathematics I'm a ' v " 

rident, they would lea n m h^cf, ■ ^ U Ch ' y W-r « m ° l< ' — 
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knowledge gives me nl M L Certainly just having that 
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well as^L'oL^' 1 " 8 T 1 '" 1 miU ' !U i""«««<=es how w,u one learns as 
^exi as now one feel.i aboue ma enema tie ^ r h & m^** „* . 
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.s :n«* teacher. I>nr = of the cearhtr's L;i: i wenci? is in rh^ 1 earner \ s 
.!ev«Iupm*nc gf son rnlw s can-da ru.^ . TU^e ^cx r.-ie * cundard* mciuUt 
J*f : in l t lona of accepcab ie achievement in the various subjects. The 
rirential standards for mathematics achievement is communicated cc buys 
and girls through differencial treatment as well as differential expecca- 
cions of success, To start with, teachers interact more with boys titan 
they do with girls. Soys generally receive more criticism for their 
behavior than do ?,irls and boys also receive more praise and positive 
-eedback than do girls. Boys just seem to be more salient in the teacher's 
view than do girls . 

Many people feel that differential treatment of girls and boys is a 
result partially of differential teacher expectation of success or 
failure by girls and boys. The relevant discussion goes something like 
this. Because of societal beliefs that males are better at mathematics 
than are females, teachers expect that boys will understand high cognitive 
level mathematics better and girls will do better on low level ma thema- 
tics tasks like commutation, This belief is communicated in a variety or- 
subtle and not so subtle ways to both hoys and girls . For example, a 
teacher might encourage boys more than girls to stick with hard mathematical 
tasks until solutions are found. The teacher, with good motivation jb.-uc 
preventing failure, assists girls more than boys to find the solution c. 
hard problems. Teachers might call on boys more often to respond to high 
level cognitive questions and call on girls more often to respond to low 
level tasks. If this type of behavior occurs, boys and girls could intuit 
that boys were better at high level cognitive tasks and girls were better 
at I^w level cognitive Casks, Not only could students conclude that hi^h 
Level casks are easier for boys, they could also conclude that such 
mathematics was more important for boys since teachers encouraged boys 
more than girls to succeed in such tasks, In addition to these subtle 
messages, boys would actually be practicing high level cognitive tasks 
more than would girls. Since students learn what they practice, bovs 
would learn to do the problem-solving activities better than would girls. 

The hypothesis of differential teacher expectation is intuitively 
logical and indeed, Brophy and Good (1974) report that teachers 1 expee^ 
fancies are related to the way they interact with students. An interes- 
ting study by Becker (1981) "which was done in 10th grade geometry classes, 
confirms this also, Becker hypothesises that the sex-related differences 
sa^ round in teacher is tud ent interactions were strongly relared t^ difr^r- 
ential teacher expectancies. However, other studies designed explicitly 
zo examine teacher expectancies report no differences in expectancy of 
success in mathematics by teachers for girls and boys (Parsons et al., 
1979) and students report that teachers have higher expectancies of success 
for girls than for boys (Fennema et al , , 1980), Once again, no clear cut 
conclusion about teacher expectancies of girls and boys in learning 
mathematics can be reached. 

The problem of differential treatment of male and female students by 
teachers is well documented and 1 have no doubt that it strongly influ* 
*;nes Learning, It is easy to conclude that, but the longer I studv this 
aroDlem, the more complex it becomes. Most overt behavior bv teachers 
.ipnears to be nons^xist and fair to most students. In many cases, ceacli- 

interact more with boys because they feel they muse to maintain control. 
Many negative interactions occur between boys and teacners . On the surface. 
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teachers* interaction with girls are more positive ana wnat I have always 
considered Co bi good educational practice. However, che end rasuU 
appears to be negative . I believe chat at Least a partial result is chat 
females, more so than males, are not reaching one of the important goals 
of mathematics education, that of becoming thinkers who are independent 
problem solvers and who do well in high level cognitive casks, Girls, 
much more than boys, fail to become autonomous in mathematics. This is 
indicated by girls' more negative attitudes related to the ability to per- 
form high level cognitive casks, specifically, confidence in learning 
mathematics and a t tribut ional patterns which indicates lack of control 
in mathematics outcomes as well as lowered performance in problem-sol v ing 
tasks. In order to become increasingly autonomous, one must develop 
confidence in one's ability to do difficult learning tasks and also believe 
that one is in control of the outcomes of achievement striving. 

Not too much is known about how one becomes an autonomous learner. 
It is believed that dependent/independent behaviors are developed by 
the socialisation process, mainly within social interactions, Young 
^irls, more so than boys, are encouraged to be dependent, Girls receive 
more protection and less pressure for establishing themselves as indi- 
viduals separate from parents. Because of this, girls are less likely 
to engage in independent exploration of their worlds (Hoffman, 1975) , 
Because of the sex-typed social reinf orcenient of dependent / independent 
behaviors, children enter school with girls tending to be more dependent 
on others and boys tending to be more self-reliant. What appears to 
happen is that schools merely reinforce and further develop in girls and 
boys the dependent/ independent behaviors they bring to school. This set 
of behaviors is particularly apparent in mathematics, 

What prohibits girls, more than boys, from becoming autonomous 
learners of mathematics? It would be nice if an answer to this question 
could be written which would be both accurate and easily understood, but 
char is not possible. The factors that cause behavior are many, varied, 
and interact in a complex way. Indeed, there probably are as many com- 
binations of causative factors as there are individuals. Many influences 
on development of behaviors are subtle and difficult to identify, How- 
ever, I firmly believe that a large component of development of autonomous 
learning behaviors in mathematics takes place in mathematics classrooms. 

Changing Schools 

Can schools be changed so that females learn better and elect to study 
more mathematics? All too often, comments are addressed to me that imply 
that schools can't do much. The argument goes like this. Because mathe- 
matics is stereotyped male, and because stereotyping of sex roles is so 
deeply embedded in society, schools are powerless to Improve females ' 
studying of mathematics until society changes. Let me say as loudly and 
emphatically as I can that that argument is fallacious, Schools can in^ 
crease females* studying and learning of mathematics. Let me cite some 
evidence that shows strongly that schools can be effective, I want to 
talk specifically about two intervention programs in the U,S, that have 
been intensively evaluated. The first program, called MULTIPLYING OPTIONS 
AND SUBTRACTING BIAS is aimed specifically at increasing females' belief 
of the usefulness of math f Fennema et al. , 1981)* The rationale behind 
this program is that merely telling high school females about the impor- 
tance of mathematics is insufficient. Forces which influence these girLs 
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*c "WKi :niir -ecksicug are implex and ceeply embtiudea in socieui 
beliefs ibauc the roles of males ana females. Asking adcUscanc girls 
to cnange tneif behavior without changing the forces operating upon them 
would place a verv heavy burden on their shoulders. What should be 
done is to change the educational environment of these females so chat 
they can recognise the Importance of mathematics, MULTIPLYING OPTIONS 
AirB SUBTRACTING BIAS was designee to change four significant groups' 
beliefs and behavior about women and mathematics, 

MULTIPLYING OPTIONS AND SUBTRACTING BIAS is composed of four workshops 
one each for students, teachers, counselors, and parents, Cach of the 
four workshops is built around a unique version of a videotape designed 
explicitly for the target audience. Narrated by Mario Thomas, the tapes 
•use a variety of formats, candid interviews, dramatic vignettes, and 
expert testimony to describe the problem of= mathematics avoidance for the 
target audience. The videotapes and accompanying workshop activities 
make the target audiences aware of the stereotyping o J mathematics as a 
male domain which currently exists, females 1 feelings of confidence 
"ward mathematics, the usefulness of mathematics for all oeople, ana 
differential treatment of females as learners of mathematics. Discussed 
specifically are plans for action by each group. The workshops, each or 
-which is about two hours long, are designed co impact on a total school. 

An extensive evaluation of this program (Fennema et al , , 1961 > 
indicated that the rfULTIPLYING OPTIONS AND SUBTRACTING B LAS series can 
substantially influence students' attitudes about mathematics, the stereo- 
cvoinE of mathematics and their willingness to take more mathematics 
cou rses , 

The other intervention program is one developed, planned, and imple- 
nented by the San Francisco Bay Area Network for Women in Science (now 
called the tirn th/Science Network; . The Network is a unique cooperative 
effort undertaken by scientists, mathematicians, technicians, and educa* 
tors from 20 colleges and universities, 15 school districts , and a num- 
ber of corporations, government agencies, and foundations. The goal of 
the Network is co increase young women's participation in mathematical 
studies and to motivate them to enter careers in science and technology, 
while the evaluation was much more extensive than I am reporting, I would 
like to report to you the evaluation of seven conferences which took 
Plat:* in the spring of 1977 and 1978 (Perl h Cronkite, 1979 ), Supported 
by the Women's Educational Equity Act of the federal government, these 
■*"U f urenc es were designed to increase the entry of women into mathematics/ 
ac ; anchor i en ted careers. 

These one-day conferences involved bringing junior and senior high 
school girls together in a central location. They were presented with a 
general session with a panel or main speaker, one or two hands-on science/ 
math workshops, and one or more career workshops which provided opportu- 
nities for interaction with women working in ma th/se ienee-r elated fields, 
Subjects of this evaluation were 2,213 females who volunteered to attend 
the conferences, Pre- and post-conference questionnaires were administered 
and responses analyzed, 'Hie evaluators concluded that ! 'the conference 
(1) increased participants 1 exposure to women in a variety of technical 
and scientific fields, (2) increased participants 1 awareness of che impor- 
ranee of taking mathematics and science-related courses, and (3) increased 
participants' plans to cake more than two years of high school mathematics . " 
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. ne two intervene ion programs 6 ascribed indicate qui^e cieariv chat 
it is possible to change females 1 schematics behavior, and tu do so 
in riia c i v^lv short periods of cizrss 

Conclus ion 

«ec me scar: the concluding remarks with soma unprovgn statements 
:hac I or can hear, 

1. Females prefer to learn their mathematics in classroom discus- 
sions . Males prefer to work indivi dually . 

2, Classroom interactions are more important to females than they 
are to males. 

Females are passive; males are active* 
4, Female teachers teach mathematics more poorly than do male 
teachers , 

These conclusions come from intuitive belief, isolated studies, and/or 
a poorly done or interpreted piece of research (see Fennema, 1981, for 
an expanded discussion). 

Statements such as these are causing me major concern. An I, and 
others who are deeply concerned with -helping women achieve equity helping 
temales to achieve true equity in mathematics education? Or are we 
helping to perpetuate the myth that there are large and nonchangeabie 
sex-related differences in mathematics? Are we, indeed, creating a new 
mythology of female inadequacy in the learning of mathematics? 

There are some statements which I believe are based on sound evidence 

1. There are still sex-related differences in electing to study 
mathematics in high school. While not as dramatic as were once 
suggested, females tend not to study, as much as do males, the 
most advanced mathematics courses and courses peripheral to math, 
such as computer science, statistics, and physics. It appears 
that the size of the differences varies tremendously by school 
and by region of country. At the post high school levels, dif- 
ferences are still- large, 

2. Even when amount of mathematics studied is controlled, females 
appear not to be learning math as well as are males in some 
instances. The trend that should be of concern to us all, 
When females excel, it is in lower level cognitive tasks. Even 
when females and males report they have been enrolled in the same 
mathematics courses, males perform better on more difficult and 
complex tasks, 

• - rhere ar e psychological variables which may help in understanding 
sex-related differences. Females, as a group, more than males* 
as a group, have less confidence in learning mathematics, 
perceive mathematics to be less useful to them, and attribute 
successes and failures in mathematics differently. 
The classroom learning environments are different for females and 
males in a variety of ways. 

5. Males perform better than females on tests of spatial visualisa- 
tion although the impact of spatial visualization on the learning 
of mathematics is largely unknown, 

6i Within schools lies a major portion of causation of sox-related 
differences in mathematics. 
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this ;ase statement, while sounding unduly harsh to manv, is the 
7° " C pOSlcive chi "S 1 said in this paper, and indeed makes the srob- 

.u; n C r^Us and mathematics solvable. Schools can influence what' 
: .^ Dpens - schooltf-do make a difference. Schools can solve the problem 
females and mathematics. 
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Participation Rates in High School 
Mathematics Courses by Racial/Ethnic Group 



Semesters of High School Mathematics 
10th through 12th Grade 



Racial/Erhnic group 0-2 3^5 6 or more . total average 
— — — — — — — - — _ _semesters 

American Indian 
Black 
Hispanic 
Asian American 
White 



S3. 


3 


25. 9 


10. 9 


100. 0 


2.6 


42.' 


2 


3 8. 4 


19. 4 


100. o 


3.4 


43. 


7 


39.0 


17. 3 


100. 0 


3. 3 


23. 


1 


29. 4 


47. 6 


100. o 


4. S 


35. 


7 


33. 3 


30. 0 


100. 0 


3. 8 



Source: Adapted from Vetter, Betty M. , Bahco. Eleanor L. , and 



Mc Inure, Judith E, , Manpower Comments, November 1979, 
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The High School and Beyond Study, a national longitudinal study for the 
1980' s, reported that substantial racial differences still exist in the number 
of mathematics and science courses taken by high school seniors (Peng, Fetters 
& Kolstad, 1981). In 1980, only 35% of all black seniors reported having taken 
three years or more of mathematics. Only 19% of all black seniors took three 
years or more of science (see Table 2). 



TABLE 2 

Percentage of 1980 High School Seniors 
Taking Three Years of More of Coursework 
in Mathematics and Science, by Racial/Ethnic Group 



Racial/Ethnic Group 


Mathematics 


Science 


American Indian/ 






Alaskan Native 


22 


12 


Black 


35 


19 


Hispanic 


27 


14 


As ian American 


48 


32 


White 


33 


23 



Source: National Center Cor Educational Statistics, High School and Beyond, 
1981, p. 2. 



T Ugn - &t t Table 2 reveal a ™Y low participation rate In 

S COUrSSS ^ bl " kS ' the lar9Sr piCWre -ccate, that between IS77 
"ch a, A^oeb^T n ^ m ! ° f r blaCk StUdCntS tSkln « -P'^c math e^mc, course 
UCh BS HJ' A!yebrd n ' and Geometry actually increased The 1<)V 78 

aTono^ ° m N ^ i0nal As « ssm -« °* Educational Pr 0 g ress "indicated t > Jf 

AlTebL I wL sli f 7 ?; reenta9e ° f blaCk a " d Whil « stud *^ -who had taic.n 
Algebra J *as 55, and 75%, respectively. The percentaae of l?- yeflr - 0 ld blar 
and white students who had taken Algebra II was 24% and 38%. and for hole 

liable 31% S5% ™*«*»«Y- T^eis dat. are °ep 0 °" 

f m ! L ! P ' 19793 - In the Hl9h Sch ° o1 and Beyond Study, the percentaae 

and for those who had taken Geometry, 38% and 60%. Percentages for all s yb- 
groups in the class of 1980 are given in Table 4, BU,j6 



Table 3 

Percent of 17-Year-ads 
Who Had Taken Algebra I, 
Algebra II, and Geomaffy in 1977-78, by Rae 



Mathematics Course Black 



Algebra I 5g 
Algebra n 2 4 

Geomeoy 2 2 



Race 



White 



75 
39 
55 



Source: National Assessment of Eduoational Progress, Mathematical Knowleci 3 * 
ana Skills, p. 4 5. * 



_ 57 



55 



TABLE 4 



Percentsga of 1980 High School Seniors 
Taking Mathematics and Science Courses 
by Cours & Title and Racial/Ethnic Group 



Mathematics —American 
C ourse Indian 



Algebra I 


6 1 


Algebra II 


32 


Geoms&y 


34 


Trigonometry 


17 


Calculus 


5 


Physics 


17 


Chemistry 


24 



Racial/Ethnic Group 



.Black Hispanic Asian White 



68 


67 


88 


81 


39 


38 


76 


50 


38 


39 


79 


60 


15 


15 


50 


27 


5 


4 


22 


8 


19 


15 


35 


20 


28 


26 


59 


39 



Source: National Center ^or Educational Statistics, High School and Beyond, 
1981. p. 5, 



The consequences o ~-f taking so few mathematics courses in high school 
are severe. Sells (19 78) reported that career choices, in particular careen in 
tne mathematical, physical and biological sciences, are seriously limited with- 
out four years of secondary school mathematics including Algebra I, 
Alaebra II, Geometry, an^d at least one year of pre-calculus mathematics. The 

reported that a positive correlation existed between the number of 
semesters of mathematics completed in high school and the completion of 
the bachelor's degree on schedule (in the fall of 1976), Further, students 
with more mathematics amd science coursework in high school were more 
likely to choose science and other quantitative fields in college, both 
black and white (Peng, F erters, & Kolstad, 19 81. 40). 



v piw black d ln mathem5tiC = 18 ais ° «e - in post-secondary 

o^v w , n "* maJ ° rinS in the »«h«n«i e =.l sciences m ' 

"°%t" e - °- vlocs]y - enrollment in high school mathematics courses imDa ~ s 

^c"V^ 9 r m - mmti0 f l SCi6nCe fatten. 1980 (a)), The O rooomon o 
zt «L PCpulation lnl977 was U.«*. hence, the above data show 

-e^TlTrrt e r ePr ? entatl0n ° f blacks ln <*uanti ta tive areas of stucv 

r :; £ JfJJ e Feas ° n t0 that these trends have changed significantly " ' 

Only 48% of the black students in the High School and Beyond sample expect 

o7™ed^ ™ dfl5 T ^ JUttOUgh ^ «f Macks were 

«°Vn^Tfi7wJ ^ 5 7 ,f hS ^ S3inple P lannin 5 to enroll in various 

sciences - S^^SL^^ engGneertn * " 10 ~- computer and information 

tics - " fPena ,\?f = 5% ' phySi<=al sdl ^ c ^ s ' 2*. mathema- 

- s I ^ (Peng, Fetters, & Kolstad, 1981), 



Mathematical Achieve me 



nt 



MarmJ^ a / ChieV6ment 0t black students, as measured by the 

National Assessment of Educational Precis, continues to lag behind the 
achievement of white students in every */ category and at each age level- 

pircentaae, of°2S V*' ^ 5 ^ ^ Sh ° WinS the »~ n Prance 
percentages of black students across all categories tested Ln the 1977-78 

national assessment. Although these data are sobering to m my the least 

neT'^nV v 8 Si9 i nl l i f ant POSltlVe Cha "3» ^om the 1972-7 3 national assess- 
ment. Nine-year-ola blade students "showed significant increases in prance 
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TABLE 5 



Mean Performance Percentages 
c. Black 9, 13, and 17-Year -Olds on 1977 = 78 
National Assessment of Educational Progress 



* It — *e o- set 
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TABLE S (Continued) 

Mean Performance Percentages 
of Black 9, 13, and 17-Year-Olds on 19 77-78 
National Assessment of Educational Progress 



Title of Set 



__ Aae 9 _ Aae ; 3 A^e 17 

lx e ^^ matlCS Mean Percentage Mean Percentage Meanfer^ 

5 " Nation Black Nation Black Hatinn m~ 



* WA " ka 57. 04 32 57 

estimation , e -, c ,„ 

Multlatap Word Prob. " 'l* % " ^' 53 30 " 12 

Graph & Table Prob. ^ IS " 93 

r»- — , _ , , 5a, 26 35,52 b3. 19 £Q Q 1 

Geometric Problems ,5 Sfi iq « 4, ~„ 

— — — — ■ — .— — .. .______„___. „^:_PJL _i=,^ 5 3 3 6, 77 _ 20,82 

Comb. Stat, and Prohab. zz ^2 "zU7o" sV'^Tt' 

Nonroutine Problems *"* *' 

Measurement Problems ' f°' 4 ! 23 * 40 

j3.08 13.38 



Source: National Assessment of Educational Progress, Mathematical Technical 
Report: Summary Volume, 



"o^r^^ 1 " tQ thS naWon °" Ae en ^ e of exercises and on" the 
<--w.eage, skill and computation subsets of exercises. In addition this 

;?ts P .n^f ; B a22f m lnCF9aSe ^ perfo ™ an «- » thTnatlon. on 

" appucaw.an exercises" (NA£P 1980 n m qu r i. n , * 

showed a significant increase in performance reiattve * the'nat n^" 01 " 
"umerTr h, ^ e * 8rClSes - Black "-/ear-olds showed an inc^en com- 
' on and «idT eXerci J es and no lo « i» performance in knowledge computa- 
: tZ^^!Jf m ^ S ^ tableS( hOWeVer ' the Performance of black 

P-t^se^ ™™ « percentage 

, ]ass ^f « = U9 ' est serious problems exist in our mathematics 

iJJSiSi"?"' ° VeraI1 ' h ' gh SCtoo1 stude "« ™ P-*™«<W ?£wT 
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The above dam on enrollment patterns and achievement of black s indents 
in mathematics confirm what has been recognised by black ecu cater 3 for vears; 
black students and white students are not achieving at the c ;-/ne level, Natur- 
ally, the question of "Why?" is ask.ee. At this time there ^re no definitive 
answers tc this question. There are some beliefs and speculations about: 
3) factors that have a major impact on black students, and b) how black student? 
liam Ln the current school environment, 

Wilson(1978) has attempted to analyze the growth, development and educa- 
tion of the black child in today's society. According to Wilson, a black child 's 
performance in a classroom reflects that child's socialisation in a hostile, 
racist society, Wilson argues that schools exist to maintain and to perpetuate 
a cultural way of life. Most school? do not show sensitivity to black culture 
and hence it should not be surprising to find that the black child's academic 
performance "lag behind 41 that of whites in a school system designed to main- 
tain white dominance, 

Wilson states that black parents must take the major responsibility 
□i socializing and educating black children in a way to increase achievement 
motivation and to decrease the black child's high need for dependency and low 
need for achievement. Such an emphasis would result in changes in the be- 
havioral, motivational, and cognitive functioning of black children (Wilson, 19 78} 

Other factors commonly mentioned as reasons for lack of interest in taking 
mathematics by black students are: 1) lack of black role models, 2) lack of 
significant others, such as parents „ who have interest in mathematical achieve- 
ment. 3) lack of positive career counseling, 4) viewing mathematics as a sub- 
ject for white males, 5) inability to see the usefulness and relevance of 
mathematics to their lives, both present and future, and of course, 6) lack of 
success in previous mathematics courses, These factors are all interrelated 
and have historical roots in centuries of Institutionalized racism that perpetu- 
ated unequal education for black people. It should be pointed out that very little 
research has been conducted that attempted to ask black students why they did 
net take more mathematics. Much of what is "known" relative to why blacks 
dj not take more mathematics is juxtaposed from the research on "women and 
mathematics, !l The effects of sex discrimination and mathematics participation 
and/or achievement have been extensively researched and reported (Jacobs, 1978) 
Similar studies of racial discrimination and its effects on mathematics achieve- 
ment are not available at this time. 



-J 



i.ie snects of a lack of black rale models in science and mathematics, 
:nc - u -" nc ' a lack ° f bL - c:k mathematics teachers, on a student's choice of what 
matnsmaties to take in high school have not been sufficiently researched 
wertainiy, aH participants in the educational process realise the importance o*' 
...axing stucents aware of the contributions of black scientists, both past and 
present, to the history of this nation. I: seems reasonable that black students 
AjU " sseK tc emulate black men and woman who serve as stronc role mode's 
ncwever, tnere is little research to support this contention. 

Parents, relatives, .and friends play a major role in a student's choice of 
mathematics or mathematics related career at the college level. Carey (13 77) 
reported tnat 3 2% of the engineering students entering Purdue University Ln 
-3 / 3 stated that their choice was heavily influenced by a relative 26% said 
mends and high school courses, while only 14% said teachers and high school 
counselors. Careful research on the relative influence of parents, teachers 
ana counselors on the decision of black high school students to take adva-c^ 
matnematics is in its embryonic stage. 

The perceived usefulness of mathematics has often been stated as a 
.actor influencing how much mathematics a student will take. Matthews (1980) 
reported that black females viewed advanced mathematics courses as essential 
wnen pre pa rinc .or college entrance requirements but not useful to their future 
careers. Black males tended not to make this distinction. 

.,._ T ,'°^ e " a * feW der,nltlvp masons can be given for the acuta undarrepresen- 
-a„on o, oiacks in advanced mathematics classes. Eouallv elusive is an 
«p.anat.'on tor their consistent uncerachievement on mathematics tests. Research 
P^g.ams mus, begin immediately to address these issues, including V studv of 
:f v ^ t ^^ iXOnmmnt °i the mathematics classroom, Careful investigation 
::- ^ ecners ao ' now -^y interact with black students, and the effects 

— ».»is —.action on students' performance is desperately needed. 



i.' :ur. Studies 

During the last two decades, researoh on minorities and mathematics 
: ;Ssues nas = esn largely neglected (Ortiz -Franco, 1981). Ever in 

""'J'iVJT'i nU;nber ° : resear = h ^ udl « sxmed exclu SI y e i y at the problems 
•-'• : ~ > - ;; anG mathematics can he Identified. 
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A project designed to motivate black students toward careers involving 
mathematics is Blacks and Mathematics (BAM), BAM wa? funded by the Mathe- 
matics Association of America and has three major objectives: 

1. to provide role models to encourage more black students to consirle- 
mathematics -based careers; 

2, to influence counselors, teachers and parents to direct more black 
students into mathematics -based careers m which blacks are under- 
represented; 

2, to inform students, teachers, guidance personnel, and parents of 
the large number and variety of careers for which mathematics is a 
prerequisite, 

BAM began its program during school year 13 80-81, Results of this project are 
unavailable at this time. 

Only four studies are found among the more than 90 projects funded by the 
National Science Foundation, Directorate of Science Education, Division of 
Science Education and Research, Fiscal Year 19 SC. that plan to investigate 
factors related to mathematics course-taking among blacks and minorities. 
These projects are listed below, 

Permaui, Jane, Role Models for Adolescent Girls in Science and 

Mathematics . (SED 79-19023) Ending Date 02-28-81 
Cohen, Arthur, Science Education for Women, Minority, and the 

Physically Handicapped Students in Community Colleges , (SED 

79-20222) Ending Date 12-31-82 
Scherrei, Rita, A Longitudinal Study of Women and Minorities in 

Science and Engineering , (SED 80-17651) Ending Date 05-31-82 

Le3old f William, Improvin g Access and Guidance in Engineering: 
Research into Contributing Factors , (SED 79-19613) Ending 
Date 12-31-82, ~ = " 

The National Institute of Education, through its Learning and Development 
Vr.it has funded a small set of studies on minorities and mathematics education. 
Of ;he 19 projects funded, seven address issues pertaining to blacks .or_ include 
minority students in their samples. The findings of the four projects listed 
below should add significantly to current knowldege in this area, 

3a s ton, Jerry, Factors Inhibiting Science Careers for Slack Women , 
;n*IE-3-78-0139) 

Johnson, Robert, psychosocial Factors Affecting the Mathematical 

Orien tation of Black Americans , (NlE-G-79-0093) 
v^^ett, Cora, Minority Female Involvement in High School Scienc e 

and Mathematics , (N 2 -G- 79-0110) 
Morse, Linda, Relations hm of Significant Others, Parenta l and 

Teacher Influences to the Development of Self -Concept, Science 

Attitudes and Achievement Among Adolescent Girls, (NIE-G-79-0159) 



The problems discussed in this paper art very complex and will require a 
^rnuitituce of efforts If they are to be solved. Mathematics educators, parents, 
-boards of education and the general public ail have a responsibility in this 
sr^rohiem-s Diving endeavor, 

A major research thrust is needed to document what the actual problems 
emre ? why they exist, and the extent of their existence. Definitive reasons are 
. -*#eaed as to why black students are failing to enroll in the mathematics courses 
£=© important for success in a mathematics related career. Are parents, counse- 
1 -ors, teachers, and others really aware of the importance of mathematics to 
t -he student's future? What actually happens in the elementary school that 
contributes to a student's decision to take only the minimum number of ma theme- 
u - les courses needed for high school graduation? Art teachers prepared to teach 
t~ o each student's strengths and show evidence of realizing that children process 
n=atheinatics in many differs At ways? It is encouraging to see NIZ begin to 
:u~unc research in this area but a major commitment of resources is needed. 

Research paradigms that include sociological factors and consider the 
t ^^ tai context in which learning occurs must be utilized, Cross -discipline teams 
°- x researchers, including minority researchers, must be formed, Further, a new 
lczook at the usefulness of typical, experimental-control designs using group 
ata must be taken. Many of the questions posed here must be answered by 
-^cal studies involving individual students through a case-study mathod/ 
L&sngltudinai studies are also called for, New instruments must be designed; 

.s^uments sensitive to the idiosyncrasies of black students . Matthews (1981) 
? rainls out ' correctly so, that we have few, if any, test instruments, that have 
lessen standardized on black samples. Validity questions must be raised about 
m any instruments currently being used, 

7he results cf our research must be disseminated effectively to parents* 
: ^ 3Chsrs > ethers who influence the decision making process of black 

s - -merits. As we wait for the results of research currently in progress, 
rr. athematics educators must increase their efforts to educate parents and the 
gasnerai public of the mathematJ -.a J plight of black students, Mathematical 
"" UC3tGf5 should t3ke the iead m demanding that teachers teach mathematics 
zc— all their students anc that educational practices which impact negatively 
5rrn - iack students, 'such as i: flexible "ability grouping- and the use of 
ac=rmrtediy biased standardized IQ and achievement tests be discontinued, 
finally, teacher training programs must prepare teachers to teach m multi- 
cultural settings. Teachers need to know mathematics and how to relate to 
bi ack students. This nation can no longer afford insensitive teachers who 
bl- am© the victim for has or her una era enlevement ! f 1 
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HISPANIC STUDENTS AND .MATHEMATICS 
RESEARCH FINDINGS AND RECOMMENDATIONS 
The Problem 

nor comparably with their , ^ gard ' "e«l»U«h«d criteria, 

JC3 nd S r i, ed test or othl- « "hort. in mathematics as determined by 

grades , enrol lnenc in »dvan «? "Z** '° """"^ 8 "«« S , i.e., cours, 
Mjcr. dtir / LnL mathematics course,, percentage of math 

occupation!: Since the statu, S?"^" ' k- repr « enCaC io « in -^-related 
has been w-11 do"u-en-L "'J 11- ° f ' in,i ' M -" in schools by Hispanic, 

this UB :,, ep£a Vl/ ucu w r ^ general , k »own by educaCora , verification of 
P status warrants only mLaor treitramf in this paper, 

^in«\:iu;; d c by s ;:r t c ;* d nagnicud - of ,h - and 

enrollment number- -nH P reaenc of Hi apan i c youngsters, 

helpful? in 1979 H^" 1 " 1 ° f His P»«^ "udent enrollment are 

mn fion Hispanic! ^ ^ > "POrt.d th« eh.r. were 3.5 

. National Center tor Educ ac ft. J %Lti1t i CS 

from ] H m i i i ^ " * " " mUll0n b - v ^e year 2000. Spanish LEPs 

P-c f I " ^ T 71 P """ C of al1 « 1976 to 2.6 minion or 77 

increase of His T'" 2 °°°' C °"""entiy <^h this projected 

->nr podlt S : anlC student enrolment in puhl.c schools two 

, t u d e ^ L p :onfi; u /^^^vr ntl h u ^ to per,ist - om evenc u ch « 

twelv. grade,, 'o r e ^ , 3 C n °° 9 f lIL ^ ^ fa "-iiy -mpleting aU 
sported cha t 40.7 percent of ,,.1/ Ch * ""^ CoDnl « lon °« Civil Rights 
southwestern .„ .,, „„ ,,,, , M, ' x,: '' " Americans residing in the five 

1976 or f*:: d , id c n p ° r c ti e \ ish 8chooi ^« m 

Hiapanica while")? ' 6 rh<; :n " dl;l " of school eompl fiC ad by 

Census 9 7 7 Whif P *** th « Cot * 1 ^>>nl..tLn ( U .sf 

Hi. pan e pop i at E h" American, are only one .ub-group of the 

Populate :/t"^ « Ch. total Hiapanic 

r-pr^entittonl hV "" rlV " W,th ' Jr - ,Wfl, -' >0 "' Phenomenon is the nnder- 

hi h ! ° n °whU? a na C8 da" "J «*. «W. courses in junior and senior 

percent***, or r , , > "„ c " * " ' * , * ° U " d - P" " " « ™ I 1 y lowing Hispanic 
rwo studies nl I ,! " elected or adv lnM d math and science cours,. 



id i 

to 2 



1977 = 78 Nar inn i 4 * u i i me n i m sacn classes . Resu 

che fflaj or7ty of 7 ^ 33eS f enC E ? UC " ion " P "« r «« ( NAE P ) reveal tfc,, 
student? aoLj^d eo t k J ° nly C "° of « = " course, and b ! . 

■ Anick; c a ;:;: c : d wmi ;:;^r r x Uss of hish acheo1 

probablv refl-cts mor - rhJ k- i. H 1 fl P an l = enro llment ir. math courses 
enrolment. I, a « u ' f ^ .""^ paCCarn Chan ehe ««dent 

^ward science MacCor " d f il J T T?"° B ' AliSO "" viCh focu8 °» attitudes 
.unior h 18h ;,d^ r '' 1 i :°" C ! ,,<J *" i tHaC nMn '' M - Xi "« American 

computed the minimum requirement" 8 " C0U " M after Che ^ 
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With regard c o ra a c h e m a t i c s a c h i e v e in e n c b v H i s p /i :i i ,m . : ? . 
raa Che ma, C ics i^h ssaif ni by NA£P graphically showed that in c e :ms 
outcomes f serious inequities exist in Che tMthemac ica educ a t i on o t Hisvir. 
and blacks. For 9'yiaf old Hispanic s , the NAF! ? ind i £*£**d * v 
p-ircentage points behind the national average; 13-vaar o I i H ^pd;: ; > w>- : 
percentages below, and 17-year old Hispanics were 12 pnrcenc ag-^ ; n : -- 
the nac ionai average (Anick et al . , 1981).- Assessment by states c : -i j r. , 
aaCn achievement may reveal a verse sec of scores, for exarap 1 e Tsxjs 
ipproximaCeiy 9-4, 000 Mexican American St udent s enrolled out or J mi I 1 l . 
JO percent, and the 1980-81 results of a state mandated zesting pr'^rir 
called Texas Assessment of Basic Skills (TABS) show that che per.: anew* 1 j; 
Hispanics achieving mastery in mathematics in grades nine and ten are -u' «nJ 
^ 0 respectively. In comparison to their white Texas grade- i eve I re^rs, 
Mexican American are 24 and 9 percentage points behind an each ^taq- . • - : 
assessed • iEA , 198 1), 

Befcre leaving the discussion of mathematics schievemen: d-* .- . 

it is important to point out early that o u e trend appears = ^ e x i - ; v n 
though the above statistics do not reveal ic : While Hispanic* /ire tich ; •-■ / ::i v 
less in math in comparison to their white cohorts ( they are jcriun ^''rer 
than most other- ainor icy groups with the exception ot Asian Americans, -I--.: 
whan comparing Hispanic raa £ h scores to other scores ma a : ^ by H i a p a n i * : : 
s i 1 1 s such as read ing or content areas such as social studies, the ^irn 
scores appear to be slightly better for Hispanics* 

Finally, documentation of inadequate participation in mathematics ^ v 
Hispanics can be illustrated by under ^re present at ion in mat h-re lated occ«* 
pat ions. As with other minority group members , Hispanic professional^ are 
concentrated in education / public affairs and the social sciences (National 
Science Foundation* 1980 ), More telling, of the 44,800 mathematicians 
reported in the 1970 labor force* only 637 or 1,3 percent were of Spanish 
surname origin (Vetter & Sabco , 197 5), 

All of the above information goes toward characterising the problem r -j 
be: Hispanics are not proportionately participating in mathematics education, 
nor are those few who are partaking in mathematics doing so to a Hat iafjiciorv 
level, Consequently, Hispanics are grossly under-rs pr* sent^d in 
a t h e mat i c s — re 1 a t ed careers and as a result inequities m aoci-»ty continue t "> 
previi 1 . 



Rqoe ing the Problem 

i n c h the problem in the tu r egu i n ^ d i h c \ih h ion has he en 1m e mM.: * d#* 
three - told (dis proportional participation in ma £ h **fna t i c s education, \* < , u ■ ■ . 
achievement in math, and under-representation in ma th-related careers , it 
seers s wise to separate the discussion about possible causes to coincide with 
each of these three problem areas. 

As has tried to be shown, Hispanic student under p«r t 1 c i pat ion in mat k i 

education is only one problem of the grearer concern, i.e*, earl'/ eKit frr«m 

s*c hoc Ung and general underachievement in rro h t ac adem ic ,iut '^cr , Tr, * 
quest ion of why the holding power of schools with rei^ar J to 4 i s p a n is 



n ls pan ics bs Math 

h^j been r^spondRd in in mt s I ^ ; ^ i ^ - -r. - 

1971-74 S cudu, (pro sb .I f ^ Coral " io " "» Civtl Right*, 

souchveu ci-s che w.k"! • 7 American experience in schools in eh* 
ereaement bv "schoo 1 ..Z. a = ndoi molding power to negative aeeicudes and 

practice " ( I„a :,re£ull - v l°<="«nCa Ch«. following unjuae 

facilities, d isp ; Wcio n !M aC t ininS :n '" ! • — S «»r agaE , a , cnool 

= orporai punUhL « el ™^n fr«*\ • fcU ? P-n ' i0M ' * XCMS ™ 0UnC ,! 

placement In E M R c ' es ses h i »h «"«urricuUr activities, unwarranted 

tracks, over-reHan on U.a * "ncentrat i Qn of P I aC a oenC ineo non-academic 

fe-linga harbored hv „-h„,,! stereotypic thoughts, and racial 

.char minor itv group Libera *S I? «" d > toward „„„„„„. and 

solely reaid, with ^dacae'ora J-^m ^ve affective aeeributea do no t 

again.c dUtricca enrol li" which skew school finance formulae 

• leered or .p te fl / "jone, of minority younger*. Laymen 

po ft Us ^ch' ^ « ^ ^ y " ^ 

fo^t:^ — d °^ - 

unwanted pol i c iea IrLtir ^ primarily sporadically. While the.,,. 

licigacio C V," Cr " CmenC have h — ^ UC ed, mainly due to 

constructive 'peda go ica a B Vr a "h b " n C ° «™ *»™ -bo« 

peaagogica, approaches will be presented Utar in this P ap er . 

Hispanic- in ^th^at i - - A J,/ 1 addr « 3S ch " .md.-r - r,.pr.> t. ar inn of 

be elaborated on in he n^t « c "oT"h. "I" ■ P " 8<mC * d — w ' ' ' 

Hispanic! not part icinac!n! ! u' '*" d ls Popart loflate ly Urge number of 

inadeq„at* a f 8 "h^ * "" d ""«" " d «« =° Che 

^-P"«t, „ " U P r " education or an insufficient amount of math 

««..•.,:.•.,„„ p.r.is.l P ' tC « xaw . in - ch « f«eeor of motivation whan 

contrary to the col^T * ' vl « w, »« — h i«ct of ™« ,„.,,«„-, . 

occupational D " X h \ Id lon ch « "noriey acudenea nave lower 

i.hnson J"' L 'r n PeerS - *y An,,..,,,, and 

Kuvleakv ( 1 9 69 ) in^a^e 1:h, " ' n *' Dornbu3 = h C1977 ), an d U u ,r,. z and 

found -hat pa-in s Si.J opposite, Furthermore, th„, 8aM resear , :hers 

children aa Vueh « \ n ^ 1 1 > i c h v l( ,w che i npor = an ce ,f education for their 

world of work I E p > no ti at 977 )""^' l " a « hool «i^ — " « rh- 

•unior high ichooi .tudwc/iiV, . MacCorquodaU (Note 1) asked 

ehe wor, tLy wpece J to do Mexican ^H^a^ 0 " 8 " """^ ^ l " — ^ 
raos- important. While no' ,t, 1 dT '"~'"f !!L ' ! -" ,! pe"*!v e d acianea aa the 
Hispanic students 1 attitude* Co wa H """" p, ' ,vidl "« information about 

..p«rr-„r. wanted to I o° "w e 1^ an "rk'hard to'l" 1 *^ " ^"f 6 iC ^ 

wanting c r<kll - . ^>uia wor^ hard to do so, m addition Co 

- ™««-e «th«. Clc . and even .ncring a car*«r u* ing 'eh* 
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subject, While no direct relationship can be made b^iwe^n b! ick at - ; ; ,. w d.. 
toward math and Hispanic studenta, it La encouraging to note that n is pan ; 
-ducational status and experience are most similar Co the b 1 a r '- Hduc.i; 
experience. Consequent I y ? t h p a ma 1 L amount of tudi<* * available ^mmh * 
indicate ihe problem locus of u"n der *repr»»iient -it ion > : H i m • . a : s 
s^th -related Cdfeefs is not within the Hispanic persona I it v, 

Under inc lui ion of His pan ic d in m a t h - r e lac e'd careers j „ n be L > «- r 
attributed to external variables like the lack of r^le mod^ la , ko I o •• : - . 
.are important since their presence indicates to students the I i < ■* 1 : no- 1, j 
their entering the profession. Moreover, role mrdels have the opportunity : 
become mentors, identifying and encouraging a*, urienta to* ajve toward c ^ r : ,\ ■ 
careers. As students enter college a n u come closer to e n c r i n £ - ; « 
profession^ role models can become sponsora , providing aspirants witn c-m^.m^ 
about how to acquire a position. While the function of counsel in % can u\ <i 
assumed by role mc dels, it is directly an d pr i ma r i 1 y t h e a s k ? : : = 31 ■. ■ 
counselors. lee 5 experience, literature on school counselors, and stuJ:- 
conducted on school z o u n a e I i n % reveal that because of high * r. e ti - rs " * 
counselor ratios and traditional stereotypic vie vg : r 1 1 ra \ n o r 1 1 i h s , H i a p a n i < . 
have minimal contact with counselors j and what little time is sp^nn wit,s *:.".■ 
ia not devoted tc educational and'or career planning* 

Finally, a small number of Hispanica are found in math = re 1 at ed career 
because of discri minatory hiring practices and be cause of mini ma I car e *■* 
information provided by schools. Students in rural schools and barrioa o 
large u r b ; n cities are poorly informed about the various kinds of 
occupational roles and the educational requirements for most of these wor 
s t at ions * 

Generally, discussion about the probable factors c a u s i n g 
u n d e r a c h i e v e me n t of Hispanica in mathematics i ^ us u a 1 1 v a pe c u 1 a * 1 v** ; r 
nature. Discussion of likely causes is not grounded in empirical fir.iiny/ 
i imply because there has been very little research conducted to uncover t.it. 
variables producing this inequitable learning conditon, However, whil^ 
research is not available f the literature seems to be consistent i r 
identi tying the mo st likely factors and even con a ens us exists as to vfr a t 
intervention needs to be pursued if this underachievement i a t "? V 
e i. i m i n a t e d * 

A review of the literature has identified five probable factors whij: 
jouLa explain the underachievement status recorded by His pan i ■ * ; r 
mathematics education, The five factors are language , cogn i t i ve learn in>, 
styles, instructional methods, curricuiar ma t e r i a 1 and teacher ad e cj u a c v , 
While each of th€se factors will be discussed separately, m practice -hey 
3 r ^ interrelated, and consequently it is difficult to determine wh i c h 
contributes and to what degree, to learning or lack of learning, 

Language is a manifestation of culture; it both re pre sent a a group 'a 
society and creates present and future reality for tht? individual. W i r h 
regar J to learning, at minimum language is a mediator of concept development , 
and at most a determinant of concept formation. Concepts are categories nf 
general liable or related facta. Language is a coherent set of symbols oye I 
:_ o label concepts and provide a quick reference an d me an t n g t o c o ; , / % • , - . , 
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Concept: learning at some stage involves word association between a conceoc 
and che concept name Underwood, 1966). Discussion of concepc development "it, 

(Spanish) whxch i. different from xainacream America. Also renumber char. , 
I ne , f - 5 Bl1 l . lon Hli P« niJ students approximately 2 million are limicad- 
tngaih-pronc^c. Consequently. LC is C ru=U: chat nwthematic concents be 
presented :j ".£ ? , ln the language chav jr, w: proficUnc in. it is w* • ] 
*- ,vn _ Ch » C ., j her,! are bilingual teachers able w communicate wi:h and 

instruct chl-rfren proficient in a language oth,r than English. 

The phenomenon ji culture connects the language instruction v»- 1 
with the curriculum variable. WhiU most educators agree ... at ^thematic* , 
the subject lost c u 1 1 u r e - f r a e , £ c U not devoid of r e pr asant ing cultural 
biases. For exaop le , BradUv (1981) fl ,N to wh«e ,. • .. , . . , 

.ulturally biased « u,:, logic ;, a major itrind in mathematics, and b) is 
not logic organ^ed differently by sulcunl groups: Furthermore, according 
.a «a.ia nathematica is concerned with the study of re 1 at ions h ips 

?' ldeas chac m ' ,n has abstracted from observation of che physical world and 
has g » ii i. r a 1 i ic d by rational reflect .on." Not all cultures interpret Che 
physical world nor generalize about it in consiscenc ways. Differences 
between cur oral group,, has implications co the teaching of mathematics <n M*- 
areas- curriculum materials and instruction. The way math concept. -i ar- 
presented in textbooks nay be inconsistent wich how irmigranc Hispanic 
students have been introduced Co certain concents (Caa t e 1 Unci 198 1) This 
mentis latency may cause confusion in Che student's mind and delay his/her 
understand mg. Also. Taang (1981) ,t«t«. that the curriculum should 
reinrorce -hat has been learned previously and introduce new concepts based 
on previous knowledge. lawigrant students come iron, different cultures and 
are products of the educational system of : he > r respective countries The 
curriculum revision effort of the last two decad-a in the U.S. has led V, 
significant differences between the mathematics curriculum of the U i and 
cnose ot many other countries. Finally, with regard to the teaching of 
mathematics, Lovect .198!) while indicating chac math is cu It „r w atat-a 
that the teaching ot math takes place in a cultural context. Horeove- he 
continue! that good oath teachers have searched for the mathematics existing 
wisnm tne real world experiences of their students and have tried to 
incorporate sucn experiences in their teaching. 

The amount of learning acquired by any student is mat directl- 
Correlated to teacher quality. CasCanada (1981), along with others such as 
Ga. legos (198 1) and 5 a r n a (1981), argues that teachers' attitudes r ,„r > 
mathematics and the teaching of mathematics need to •>.. changed to be "more 
positive and constructive. She also states that teacher training should 
■ye I. id* mnthemnt.ra content, information about the learning charac r er i at ire 
v.m„ m «hildr..n, and wthods of machematica teaching. Such train ing wnu id 
help teachers to combine what they know about math with th eir knowled«„ of 

; " io T^fh'" 1 ''' and , C ° aC< > uire skills **** would facilitate 
Hele t of math content and instruction chat honor the young child's 

natural modes of learning, m 4 - 

"oss i bly, the mo.C potent factor related to achievement and consequently 
having the greatest promise for program intervention and ren,ed i aE ton V Che 
cognitive style* of Hiapanics. While Ceataneda only argues tor c.-achera to 
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be prepared Co match student learning characcer is t ios wirh rns t h o^n 
2iChodo logy , Ramirez and Cast sued a ( 19 74 ) propose a specific cogni: iv 
which may map with Hi a panics and there for*- have ^ignn ic;mt pe i% 
imp I i cat ions , As a result of their research , Ha^irez and -'as: iiit>i:j 
char children from certain cult if a 1 groups cadv be ct&r^ f i e 1 : ::d««u * 

view "heir environment as untfivd and having ar. inh*=-*enr *rji«: . "n ■ 
r i e L d independent persons appear Co view s i c u, « £ : / n a in distinct p a 
apply structure even when no order is readilv ipparent. "r.,:- 
d i :hocoay , Hiapanics tend Co be more field depenuen,, Lcverr '■ ' '. 
writing about the mathematic teacher role in oi:ingual , 
out that there are three aspects of field d e p e r J e n c v 
bearing on the teaching of mat hematics. One, tie id dependent 
* ■£ a r n ^a t h ^o re readily wh ere Z h e teacher provides ^ h 1 d e n r e e 
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lear ly states the outcomes and structures the lesson, Tvu nre 
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materials or materials favoring social content seem ;c he icor^ aura.': ' v»- * 
fisld dependent pupils. And chr-je, working together and *n i n iss i ,n : : n , 
competition is a learning mod^ aord conducive for field dependent vo on 14 s !: »•* s , 
^t appears that mathematics education has been organized Co r'avor rh»* *■ : ^ j 
■independent rather Chan the field dependent, i,e- ripen end^d di*:overv r.ir: 
than definite outcomes, i n d 1 v 1 d u n 1 i z a f 1 1 > n of \ ^ *■ r u r r t ^ «*• ,_ j t r ■ • * *" ' " M ■* 
learning, and competition more so than cooperative activities* 

Intervene ion St rat egies : Uprooting the Problem 

An effort to identify intervention or Pgr ams a r t •* mp f i n g r , i r m me * i > a £ * 
the banal learning of His panics in mathematics produced no results* While n-; 
reports were found in the literaCurej there have been and probably ar« a tew 
experimental math programs with focus on H is p an i c s , Most of these ■ v* *- 
programmatic efforts have been directed at curriculum development en J have 
been school district initiated. It is safe to state thaC no prominent n/i*: 1 - 
project has been designed and implemented wich the pr i ma rv purpose of test in*: 
teaching strategies applicable Co Hispanics learning r,\a t he ma t i c s better, Tri> 
search did, however, uncover a potpourri of studies and and a few proposals, 

Treyino t Not e 2), in her 1 968 dissertation study which asse>i.i»;-J :hr 
? : t e c t i ve n e a s of a bilingual program in the teaching of mathematics : rt i • - 
primary grades in one south Texas school district , found that in all • 
; h e ^res of 5 pan is bespeaking children taught hilingually wer^ higher t'::."in 
:he scores of Span is h *-s peak ing children taught exclusively in Englisn. ;*h*« 
rinding is supported h v t wo studies , on e conducted by Co f f lan rf in d i* - v 

1979 ) and the other by DeAvila (19/9), It is also the ikhc ^orm nr-nf 
f nding, viz., bilingual students do better in math achievement than : Ji F .in* 1 
monolingual English-s peak ing sCadentH when taunht in their mo t he r - ron -r :r \r.* m , 
English. T h i finding even extends to the col lege ^a^e pupil. i>r.if-' 
Mestre ^ Note 3) are examining college -age Span ish^speak ing students :r .-i .jr . .-. .-• 
. n technical subjects a^nd report Chat their perfo rman c e on ma t he ma c i c a . 
skills is strongly related to language proficiency, mor^ ho Chan t > ; r 
no no 1 1 ncua 1 s . 

R e s e i rch present 1 y be i n>< funded by NIK provides ^duc ar or h and cur r i u . urn 
*r - i ^ r i with insight a h o u r what researchers c o n s i f ! m r ro ho n e - ■ • «; s u r v 
knowledge in order to design in, s i t r ur t ion a I pro crams which will » «-r >«•?.• ^ >^ • 
under icn ieve me nt of Hispanic s in truithe ma tics. The t ** a m * i f * i e r , h: m ,mu 
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b^l^ui- 13 i nV f 3CiS ^ ln8 ' ,>Anlt lV " P™«»" ° f =00 ninth grade Hispanic 

r ! ■ If^ning Algebra They m da ?at8 ch at their fining. 

h.UiJi , d « 9l 8 ni °8 of aath curricula for bilingual students and in 

avo i h- 8U 1 "r Jd " atS beCOOe of r«l strategy ,nd eo«n 

d BliJirJ l \° th r r -""' ir h ' 0rvik -> i» directing an ,"„ t , r . 

•I y e,fCh effort :ar. the nature , : math-ma; : -,, h .. . ,,, 

yarning culture leading Cc ch „ ■ ^^jr^o- ."^ 

cognitive character isc ica of learners an ! ... ' " ' ' " 

•asks- fl «H t. - u * i ' ' 1 anu -acherd, rh«? nature or Mchinatuai 

i ■ SOCLal fraction in cross-cultural situations. 

b J a i Mr . ah r- SaXC (N ° Ci • - camming »n 0 :in,«.l and 

' ^ Span lS h^ng^ S h and Chinese/English children a gea " 3-14 rrom middle 
and lower class families. Araong aanv , acic i 3aeed ?indl ^„, h . J. 

: U " inate ." ri ^ source, of different in Levels of preparedness of children 
„ rt ~i T~ ^- l ' n ^S- Thur^ are ocner acudus directed non-Hisoan ic 

research wx 11 not be diacuased here becausa of the lack of space. 



rh " ,cant r «" # e«rch «enc toned, twa proposed intervene ion pr. 
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b „ ine ! "°! e " ex? " S3<s dissatisfaction with Mat research 

" conducted with regard to Hiapanica and mathematics because such effort 
ae^n-L n V ; ; Mir 1 ' yini; thfl P ri o«y reuse of underach ievemene and diverts 
: ° n d « l S««»g program, to increase math achievement for Hi 3 p a nL ca . 

B " 'i^ Cr Pr ? P ° 3e8 * " 0del f ° r Chan « 8 b " ed on PO«ic^e directions to 
! , ' SpKlf1 " 11 ^ 8h * «8 uea for Blood's Learning for 

' , B *v- m appPoach rh * r «« »" implemented now to ensure increased 

,V-i ie ^° en !" P "- S ' Jlbi/ haVln 8 th * «« motivation as Hernandez. 
0f U FranG ° (NoCe 6) Mk « suggestions for inclusion when developing an 

"rlu^T-"? pr ° |rM f ° r P" coli «i« minority students who are interest,? m 
* n -a. n, science careers. His suggestions are not baaed on research 

targeted ac Hispanics. but has^d on • ,r .. - ., ; ,„ .... s , .. , n t , . 

increase the participation of white wain in Mthemat ics-?e Uted oarers" In 
general, he discusses internal ana externa; variables found to be important 
n intervention programs but comaenta correctly that specific impiemantation 
' variables are dependent upon on- 3 i :e circumstances, consequently 
- 1 1 e r mg none . 1 

_ Consequently, a review of the scant r a aearch and literacure wv^i, 

h ° W : ° ;°P r «' v * eh, a.ad.„ l5 learning of Hiapsnies' in 
L -'^ * a h l" V-* mlnim f 1 k "^ ltfd ^ r««-di«l instruction,! programs 

JU ' Led ,; hei P Hiapames Learn ^.r- awchemat i=s is even Uas, 
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jtsearch and Pr o gr am Re eowmg nd a t ions 

^ recommended that a halanc e d and concurrent two-pronged approach ■>« 

One pro . Ill * b ° UC l »P r ^ ■MCh^n.atica educat ion to H.spanie student,. 

; " ^ e major of the two, be research and the second P rong be 

, ? " P it J sho 8 ld A Y h * '*••"••" "™P— -uild. a subatantUl vofume 

affective L ) - d TY l ° nm ' ^ e! "* ^ hild ' s — - and 

ctive style, b) methods or teaching mathematics to Hispanits and c) 
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s c o d e > sequence and format of curricula m , S i n c k all chr-= , : \ ■ . - . 
dimensions of learning, methodology and curriculum ar? incyrr^.a^^: : 
should be treated as such. However, joint investigation should *vr S#r ,ir r\. 
exclusion of examining one dimension untn its e if. 

Within each of the three research foci, Uui sheilJ - < : r 

:o I Lowing particular aspects. Of course, trie questions art* : a"! i r* . . 
n o f prioricizad. With regard to cognitive an d affective I ** a r n j n m ; y L ■ • - 
"! 'Jpan ics j the following question? e e m cri-LCG*' 

1 . Is a bilingual ' s problem solving ability depend- 1 n t usnn ".' • r - r 

2 5 What knowledge of ma t h ema t i c a 1 c o n c e p C h do H i h p an i • h ; : d * - ■ • ; : .■ 

prior to entering school? Whar n • • d e >* of =-i ■ • i v ■«. ; \ . » n .■ • ■ ■ . - ■ 
H \ s p 3 it i c S to pursue learning/ ! * ? 1 1 J * * r wh j r . i ■ j m : i r • • ■■ ;■ » 
hi is panics Learn math concept* , n at home ? 

3. How do Hi span Los approach learning? 

. How does a H la pan i: child's difficulties in T_ar= *= d- 1 r*- r. r "■ : 

particular concept rather than on a lack of general apeituGe; 
5 « What are the psychological i a c t o r s wh i ; h l n r L >i e n ^ ■ * ; 1 i s l * i : i . 

orientation to math? (This question wo u 1 d include z x \a a v .■* ; j . i 'i 1 . - 

and pf rs istanee variables*) 
6. What concepts s skills and predispositions are associated w ; fc ^ . 

sueces and plesiure in math learning by Hispan ics ? 

With regard to teaching rue r h n d s , the f o 1 I n w i n g q 1 ie s t i o r } rm r ;hr '> * * -n, i r 
fruit cul: 

1. Hov does the c lis s roon environ me n t influence Hispanic a c n t ^ v t? — 
ment ? 

2, What teacher behaviors promo t e po ^ 1 1 i ve interact inn wl:H i : s :> an " -. 
s t uden ta ? 

3 . What instruments and procedures can teachers us*- ■ *i ; . i »■* n f 5 *■ v 

cognitive learning styles of Hiapanics? 

4. How does the school climate and structure afreet the Hispan i : 
student's desire to participate and pursue a ma t h h ma t : c b ma ;■ «.■ r 1 

Rather than research a series of questions when attending to curn ;!i i :.*n 
it i ** proposed chat it would be more advantageous Co undertake a develop- 
tz -* n L a L apsT'iach . The d e v e 1 o pme n t a 1 thrust wo u 1 d be z. o g» - n e r a t e - u f i • c « * a 
v h i c h incorporate the Hi^p an ic f s history - r present environ m^ n t an d ,; ? i 1 * : r 1 1 
*- a I ■ j e s , 

The second prong, project experimentation, could center irourui ie" *. : n r 
.3 n d : ~ o 1 e m e n t l n g Bloom's mo del of m^ stery learning or i n c ■. » r po rat i k H -"i r ^ 4 
.1 n d Castaneda's constructs favoring field dependent learners. Such experi- 
mental projects would ha ve to be we 11 funded and participacing starr as w«* " I 
is support staff would require extensive training. Of courye f such 
experimental projects wo uld necessitate a systematic evaluation plan, hor'i 
formative and suranative, 
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HlcCorquodi'.i , ? , Psvcho^ocui influence on the accomplishment. 
Mexican A^r lean itudp'nf ."p.n^' preaencd at" Che nee ing "o'f ^ 
American Association of School Administrators , Chicago, July 1980, 

TreV t n0 '. 3 - A V ^naivsis o: :he e:f ecC :v^, 3 of a hilm^al B ro g r «, 
in .^eacning or - K n^anes In the primary grades . L'npyblish-d ' 

aissercacion , University of Texas at Austin, 19 68. " " 

". " 1 3 :ie9 - r? - J * P - Id€nnrv;n| learn ing h and leaps of 

colle^e-a^e S paniah -speaking students majoring in technical sublets 
, 1 a t quarter report, 2nd year ) . Amhers t : Uni vers it y of 
Massacnussetts , December I 1980, 

Ore i z -Franco f L. A synthesis of selected research at N IE in mathematics 
f- ucacIon relat ed to minorities . Unpublished paper, October 1981 
(Available from author at HIE, Learning and Development Umr 
••ashmgeon, D B c. 20 208 ), 



Hernandez, G. Improved mathematics achievement for Mexican Ame ricans 

ib possible _noij. Unpublished paper", 1981. (Available from the author 
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b • Ortiz-Franco, L , Suggestions for increasing the participation of 
minorities in s cientific research . Unpublished "paper , April "198 17 
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Females and Mathematics 



Arti-von S r, recent years has been directed toward the 
■»:a!i.s o- gir's and women in relation to mathematics How 
: -" ~ '"^'-^v r< take? How are- :h£y treated ,n 

mathematics courses? How do they perceive mathematics? 
«iiWL*rs rrorn research and other literature to these and 
;the " =^sr.on S a'e summarized in this fact sheet. Additional 
-r'ormjnon can be obtained from a variety of sources many 
c.!fid on a recent bibliography (Suydam and Kirschner 198 1) 
rwo sources were of particular value in developing this 
summary. The first, prepared by Armstrong (1980j. is an over- 
view of the results of a two-year study conducteo bv the 
.V"^''^ ^"'•mission of me States as part of the Women in 
rfarhematics program. The second is an ERIC SMEAC publi- 
cation Perspectives on Women and Mathematics edited bv 
Jaco&s (1973). ED 166 051 " 

Female Participation in High Schco, Mathematics 

Only a small percentage of women has pursued a 
mathematics-related vocation, such as engineering. Resear- 
chers have ascertained t -at most females are not prepared to 
enji such vocations because they lack the necessary 
mathematics cackcround Furthermore, it a □ pears that in 
many instances gins have not chosen to enroll in advanced 
mathematics courses m high school and have received m- 
sufheient encouragement or support to take such courses. 
The College Entrance Examination reported in 1978 that 63 
percent of college-bound males had taken four or more years 
of nigh schso! mathematics, but only 43 percent of college- 
eound *emaies had done so 

Results from both the Second Mathematics Assessment of 
the National Assessment of Educational Progress (Carpenter 
et ai and tne Women m Mathematics survey 

(Armstrong 1980i bhowed that male and female participation 
wr.i.'&r fjr oasic mainematics courses: general 
rT = a[nemaT.c*. algebra I. and geometry The pattern changed 
■ ?-r mo-n ;idva ^ceo courses however In the NAEP assess- 
mem ?:--i:is::cailv significant differences favored males in 
f-nroi.m,-n: for ;r,gonometry and for pre-calculus calculus 
:My Woniun m Mathematics survey reported significant 
cii.fp.ron :*s favoring males in enrollment for algebra H and for 
f-'OD.iOi :i»y -»M: ; -Mu" Nonsignificant differences in enroll- 
r - ? --' r; ' f( -' f rng-nometrv and for p re-calculus calculus also fa- 
vored rv.-ii 

A^rrw study s-mnaiy indicated that beginning at about 
the levr.-i of algebra n and continuing beyond hign school. 
Cji'is increasingly decided not to study mathematics /Fen- 
nema. : 977 , 

Peer Influences on Female Participation 

Females who chose to pursue advanced mathematics 
courses were found to receive less attention from their male 
peers f Luchms, 1976) and to feel uncomfortable with them m 
soma! Situations iFox, 1976) Since boys in grades 6 through 
\Z sitjrtror/pfc? mathematics as a maitl discipline at a signific- 



antly higher level than do girls, it has been suggested that 
boys communicate this attitude to girls in various ways (Fen- 
nema. »976j. i ne Women in Matnematics survey f-..." d that 
.n the twelfth grade peer influence had a significant correla- 
tion, albeit low. with participation in mathematics 
(Armstrong, 1980), 

Differential Treatment by Teachers 

Several researchers have found that teachers treat boys 
and girls differently i n mathematics classes (Bean 1^76 
Parsons et al.. 1979). Kigh-achievlng boys received signified 
antly more attention in high school mathematics classes than 
did other boys and girls, including high-achieving girls 
(Good et ai.. 1973). Furthermore, students tend to be influ- 
enced by what they believe the teacher thinks of them and 
their ability m mathematics Fennema and Sherman 1976) 
There is also evidence that teachers expect sex-related dif- 
ferences in achievement (Fennema, 1978). 

A study on teacher-student interaction in high school 
geometry classes reported differential treatment on such 
factors as offered responses, cognitive level of questions 
sustenance and persistence, praise and criticism, individual 
help, and even conversation and joking (Becker, 1981). In 
genera!, the interaction patterns reinforced the sex-typing of 
mathematics as a mie domain, Becker hypothesized a 
three-step pattern: J 
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f 1 ) Teachers expect differences between male and female 
students 

(2) Teachers treat students differently on the basis of sex 
according to their differential expectations. 

(3) Students respond differently in class consistent with 
teachers' and society's sex-role expectations. 

Stereotyping Mathematics as a Male Domain 

Historically, mathematics has been regarded as a 
masseuhne discipline The results of the Women in 
Mathematics survey clearly indicated that mathematics is 
both a female and male domain. Thirteen-year-old girls were 
found to be better at spatial visualization and computation 
tnan were boys, while their problems, solving skills were 
nearly equal, By grade 12, girls' abilities in spatial visualisa- 
tion and compu* n were comparable to boys', but boys 
excelled in profc m solving (Armstrong, 1980). These find- 
ings seem to support Fennema's (1978) conclusion that no 
inherent factors exist which keep girls from learning 
mathematics at the same level as boys 

The Women in Mathematics survey found that females who 
regard mathematics as a subject for both males and females 
tended to take more mathematics (Armstrong, 1980), in 
another study females in grades 6 through 12 denied the 
behef that mathematics Is strictly for males (Fennema and 
Sherman, 1977), 
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__.-.. 4 « = >j cr ^Qf© years ago, ooys at the 
j 1 seemed to prefer mathematics 
- ■-. j.=-.s. Tta: s. soy's attitudes were more 

• .; - -\ ijaas : n mora "scent studies, now- 
<<**??enc £ js '2 preference or attitudes 
:..-= .-: 5: f n^ elementary scnooi level »e g.= 
■ j '5 

■ v •• ••'.isu'-is ■ attitudes: however, deferences 
?.'\ 3: fe:;ondary school level. Femaie 

■ • . .-^.f.f r 2 agree '^an mates, viewed mathematics 

.' -snnenna and Sherman. 1977) Re- 
-. ■-• .7 :a:eo mat gins wno regard mathematics 
- are more likely to continue taKing 

. r . •• , -,.--->;:,!•-• r-se Women in Mathematics sur- 
. : =\ - ; *^-^2de students wno plan to continue 
ivv ^ j h ; qn schoci were more likely to take 

- ■ ^ ^a^r 5-^atiCS courses than ware stucenis 

- . - ■ . Con'iy#nCe 

• * ■ • ' : - static, a student § attitude aoou^ 
• - -. '- ' o-'.^ ^. s or ner enjoyment, confidence, and 

••• --.<- : mathematics has been associated 
- > , furthermore, 'ow anxiety has been corre- 
„ - ,:c-5 of confidence. Fennema ana Sner- 
" j'r:c ;ri: a: each grade level 6 through 12. boys 
• - , ;. ■ firstly mce confident m their mathematical abil- 
■•'■ = * z - '% even tnouqh there were no significant sex 
: • - : ac^'evemenL 

^■:;-:?r : \h\ ;rf!j$ncdS on Female Attitude and Achievement 

^ ^ LitnerfunicB 

>.>.-■■-_■■■ jse. enjoy and have confidence in their ability 
•■ 1 hFive ^een shown to have a positive effect 

..- - v::'udei *oward the subject (Fox. 1976), Fox 

« * ^ v^sec'.^t'vOns of fathers influenced the 

- •■- .> ::i'^ V '!n^n f gf girls. Several studies ascer- 

-. j^t^':u"3*e!y. seer- to have lower expec- 

• ■ * rauqn-ers rhan for tneir sons [e.g.. Casserly, 

'n>* r--t'. i.'..fi S»rat**g:es 

• -q '-:rM:e oarticipation ;s viewed as a key strategy 

: 5 f -iCfo.-s that cause girls to avo.d mathema- 
; ' -;:«.- =r .5 Dencved that sufficient female pamcipa- 
.... •! ■■ -..Katies courses will permit a woman 

. •. ' r >*cn ^.cai career on the basis of eaual 

• v^!h= fnatics su rvev data. Armstrong 

• ■ • r - Tipo'tant vanaoies that have an effect 
• • • . , -. . : ; p a : 1 o h 

■-. **. \'- ''jfi'itc mamematics 

• . : • -• • v-d ■iseruiness of mathematics 

* • , ? 51 jr,' Leant other people 'parents. 

; *. >.r." 5/ 

•; •• ,r- ,< . -.ferventton programs designed to >n- 
: v ;• •. ^'pat:on should focus on . instilling and sus- 

■ h- -v^ • - f i.«5»t:vo -influences of these factors . , " (p ix). 

-" - r t r '"1 t4 act»on steps discussed by SurtCii (1978) 
in *r.c.r - as; hq participation. The recom- 
?ire orsc'icai and relatively easy to implement in 
or,- For example, she suggested inviting guest 
matnematics classes and encouraging female 
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L-r.-s o pr.cou^ge other female students, 
i .. e.r a - ,1081] concluded that intervention prog- 

mi' u resolving the inequities in the study of high 
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Learning Disabled 



n-K'i^mat. 1 , v.'-- - ?v « , = ■: .■ " t et'irbi.nr. . p. ostein, VA, Na- 



O^sgr-wng a~d a erneduit?ng Sybtomatsc Errors in 
-. T •.'"•'a=i:-=n Cv^D^tatians. ' Arithmetic Teacher 
-..'v '• 3 " 5 dels for noting and correcting 

-"■s 5-" , " , r" 5/? !ia:viC'j3ii£g& Math Lab Program far ih& 
J ?'„etQrt [g*§a?s 4=9? ^961 ERSC. ED 208 SOS, 
•j rag are givin for dsveiepsng math iacs, including 

r TiKir.g tn@ Mathematical Pulse. "Un« 

VtiC C a ^H'tw: Teaching *pr Remediation in Math- 
''' -'-'^ w tnm Heacn. Elementary School 
st .^u'S 1 CEMREL, t9?0 Two bulletins provide 
' and ifchnigu^s "of ciassrpom application 

• 3 \ ^fP$cr.QQi Program for Preventing Learning 
■ ■ ''-•if'fWiC 1930, E~P!CL ED 191 723 : Described 

* - ';gs ^0 Dread categories designed to 
• . .v ih a sqS'G foundation for matnematics, 

« -* -^4?-'' ^ J~ : 0ssr77enr Strategies in a Diagnostic 

re discussed, with an 



sfra:eg:e£ 
ecrmiques. 

-■■i---, *c" 'v**; '550 E^'C ED 123 39 D = h ^ 

..si deve!OD*w to Present arithmetic topics to siosv 
: - ?*- rr..:-,g stapled students »n secondary schools. 

•• ••' - ^ Remedial iVfarh Program in a Seconcary 
'9ft! ERIC ED 204 146. The program is designed to 
^athemat'cs frirnimal objectives. 

- '•■ Kaii^^;^ Game?:!. ^rtthmetiC L&dtmtng 

* ; A ^taraiure Review Research Review S&n&S 1979- 
<^:w Yo-K: Columbia University, I98u\ ERIC: ED 

L'*£. r atui F e on conventional and spec?al approaches to 
: ^ir^cvor ,% r&viewed, to determine approaches to 

earning OiSabied students, 
-con? J. (ed,K The Mathematical Education of Excep- 
/c.'^r and Youth: An interdisciplinary Approach., Res ton, 
m, 1981 Tan essays are each directed to a particular 
§ v suaily handicapped, the learning disabled, etc.). 

u and James w. Heddens, (eds.), Remedial fcfa'he- 
agnostic anc Prescriptive Approaches, Columbus, OH: 
1976, ERIC: ED 147 184, This collection of papers 
^ri^iersa pfOv-oes detailed analyses of ideas for re- 
\ ncjjfj;ng a inaoter by Engeihardt reviewing research 

:n Low-Stress Algorithms/ in Measurement in 
f j -/L'f. - L. D Nelson, adj, 1D76 Vearbook. Reston, 
v "» S7*3 Cofflpuiational forms that decrease the mem- 
*.;■ ThMdron (by having them write down more) are 

u hm, yy Armmeisc and Learning Disabtdtiss: Guidelines 
.?ror. $rc Remediation Boston: Allyn and Bacon, 
:. j f ov!n@s suggestions for teaching learning dis- 

^ " r '--f-r^T Ma*h 'or Special Students; Activities 
-r- r '. j .h -voctai'ty Strengths of Learning Disabled 
•• • ^nd Mathematics 82: 118-126: Feb- 

"os 'C so u^ed m the development of a compre^ 
i^-^^ ""cjgram for learning oisabied children are 

*A Sterne Computation Strategies of Seventh 

. ■ = r .ir-,/r Charfottesville, VA: University of 

^ .' ^ : ... 4 i 3S, intervews with seventh grad-^ 

■ : it,! r 'igy,' rney solved whole number and fraction 
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BaCKman On analyzing errors, -' ^i-- 
and Moyer and Moyer on teac.h'^ ; 
disabled children, 

Thornton, Carol A, and f^ancy S ^ ^ , 
the Right Direction for LD Student 
26-27, 38-41; February 1982. Sur ■<]*■-.: 
disabled students sn oecision mak-n^ 

Travers, Kenneth J,; John VV LeDuc, 1 ' 
Resources for Lew-Achieving M^tnorr, 
OH: ERIC/SMEAC. 1971. ERIC, eD 
teaching low achievers anc an •?'.:?.•. 
vided, 

Vennard, Sruce and Tarry L, F-?nnirr*an ■. 
Iowa City: University of Iowa, 1972 l - : 
for teaching mathematics to t... 
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Activity Oriented Materials Devj.ci i-'* . 
Attain Basic Mathematical Coi-c^-^ ••• 
Nebraska. 1971, Units designed jt- = 
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Edition, San Francisco: Far »vost La 
Research and Development, lit ER' f : 
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Disorders, Boston: Boston University. 
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Prepared by Marilyn N. Suydam A: 
ematics Education, EF- C/SMCAC 
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CALIFORNIA 
INSTITUTION 

LAWRENCE HALL OF SCIENCE 
University of California, Berkeley 
Berkeley, California 94720 
LH-53 



PROGRAM 
EQUALS 

Lawrence Hall of Science 
University of California, Berkeley 
Berkeley, California y4720 
(415) 642=1823 



Contact Person(s): Nancy Kreinberg, Direc cor 
PROGRAM DESCRIPTION 



EQUALS encompasses programs for teachers, counselors, administrators, 
parents, and scientific and technical workers. It promotes participation 
of students and adults in mathematics courses and encourages their interest 
and involvement in math-based fields of study and work. 

Since 1977, 1,500 California educators and 2,000 educators from 25 other 
states have participated in EQUALS programs. Thirty staff developers from 
' ° sCaC ^ s h ^e taken EQUALS training and implemented the programs in their 
states, 

Evaluation da.a indicate our programs promote increased student enrollment 
L_n advanced mathematics classes; improved student attitudes toward the 
study of mathematics; increased student interest in math-related 
occupations; and enhanced professional growth of teachers. 

Programs Include I 



BQCALS 

Offers staff development for 
teachers, counselors, and 
administrators serving 
Kindergarten through College; 

Provide materials to attract and 
retain students in mathematics 
classes t 



EQUALS IH TECHNOLOGY 

Develops a sense of mastery over 
the powerful new technology 
available for educational use 
today ; 



Assists participants in evaluatin| 
the appropriate use of 
and calculators 



compu f;er s 
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Models a variety of instructional 
techniques to improve student 
attitudes toward mathematics; 



Increases awareness of career 
options and interests in math- 
related occupations 



Enables educators to Integrate 
computers and calculators into the 
curriculum , 



SPACES 



THE H&TB/SCimfCT 



(Solving Problems of Access to 
Careers in Engineering and Science) 

* Provides classroom activities 
relating mathematics to careers; 

. Improves students 1 problem- 
solving skillSj including 
spatial reasoning; 

* Give students career experiences 
through simulations* 



Promotes interaction and 
cooperation between the educa- 
tional community and business 
and industry; 

Encourages women to enter non- 
traditional math- and science- 
based occupati ons * 

Links professional trainers and 
model programs with appropriate 
audiences , 



FAMTT.Y MATH 



Teaches parents how to help their 
children with math at home; 



MATERIALS AVAILABLE 



Informs parents of the role 
mathematics will play in their 
children^ studies and choices of 



careers ; 



Creates family enjoyment of 
mathematics * 



Dse EQUALS to Promote the ParCieipa- 
tioD of Worsen in Mathematics 



Math for girls and Other Froblm 
Solvers 



Handbook describes the EQUALS 
teacher education program and pro- 5 
vides methods and materials for 
educators at the elementary and 
secondary level, as well as in pre" 
service courses* Annotated biblio- 
graphies on problem solving in 
mathematics and sex-^fair counseling 
and instruction* 134 pp * $7 B 50* 



Curriculum for Lawrence Hall of 
Science course^ "Math for Girls 
with student activities and 
game sheers , Appropriate for 
elementary and secondary 
students, 108 pp. $7,30 



Moving Pp 



Designed for women getting started 
and moving up in scientific and 
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SPACES 



Thirty-two classroom activities to 
help students' problem-solving 
abilities while increasing their 
knowledge about scientific and 
technical fields of study and work, 
Suitable for grades 4-10. 141 pp 
$10.00 



I'm 


Hadiy in Love with Electricity 




Other Cements About Their ¥ork 


hj I 


$amm in Science mad EneineerinfE 



A career booklet for young people 
curious about the sciences/ 
I:;^Iuaes comments from 70 women 
scientists, engineers, and mathe- 
maticians about the work they do 
and the opportunities in their 
fields. 73 pp, $2,00 



technical fields. Profiles 25 
employers of scientists , 
engineers, and technicians , and 
women working in these fields, 
133 pp, $5,00 

To order publications, please 
enclose a check payable to The 
Regents, University of California, 
and mail to EQUALS, Shipping and 
handiingi $1,00 per book, 
California residents add 6% sales 
tax (BART area, 6% ) , 



STATE 

WASHINGTON 



INST ITUTION 



SOUTH SEATTLE COMMUNITY COLLEGE 
Public, two-year 
Coedueat i onal 
Enrollment : 7 ,800 

PROGRAM 

MATH ANXIETY PRC. GRAMS 
South Seattle Community College 
hOOO Sixteenth Ave, SW 
Seattle, Washington 98106 

(20q; 754-5300 

Juncact PersonCs): Jerine Ridgway, Mathematics 
PROGRAM DESCRIPTION 



rnare are three concurrent activities going on under the general rubric of 
Math Anxiety programs at South Seattle Community College, all under the 
direction of Jerine Ridgway who is trained both in mathematics and social 
work. One ls a Math Anxiety Lab which is offered once per quarter (see 
bmnplcj; the second, a Math Anxiety Clinic Workshop also offered every 
quarter, and thr- third, a Math Anxiety Clinic offered during the summer 
only as a part of an Algebra Review Course. 
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The program was initiated by Ms, Ridgway in 1975 by way of a s upp 1 einen ? sry 
"math anxiety lab 5 ' attached to a Saturday Algebra Review class, Sinci 
then, the material has also been used in many 3^4 hour workshops, as par v 
oi the Math Lab, and as informational material for lectures Co schools nm\ 
ci-'-nunicy groups* Current enrollment in the Math Lab course plus the 
numbers that entered the Algebra Review and Math Anxiety Clinic course in 
the summer of 1979 indicate a continuing need for the variety of courses a? 
now rue tared. 

funding comes from regular state moneys used for all courses. Workshops ? 
hawever, are funded by some sponsoring group such as Women's Programs f Home 
arc Community Education, Senior Citizens , etc- 

The Math Lab and math classes are designed to take place over the full 
.;ua; zjj.z; and each offers one credit of non-transferable identification. 
$ :me workshops are free to students; others have to charge all community 
d rticipants* What is particularly gratifying are the numbers of women who 
. : e beginning to select these courses and the numbers of mathematics 
instructors in the Washington State area who are beginning to work up math 
anxiety programs, A list of math instructors whose programs may not yet be 
raady to be described but who are developing similar activities to those at 
SwuLh Seattle follows; Dorothy Crepin, Lower Columbia Community Collars: 
Ramy hough , North Seattle Community College ; Janet Ray, Seattle Central 
Community College; Mary Ann Doe f Shoreline Community College; Susan Bat-f , 
Ma las pi na Colleges British Columbia (^il mathematics instructors); Joan 
Pali ak , Bellevue Community College, and Pat Sherman, Tacoma Community 
College (counselors); Margaret Berry, Port Xownsend School District (school 
superintendent ) * 

MATERIAL S AVAILABLE 

Case studies to raise consciousness of teachers* 5Qe 
STATE 

WASHINGTON 
INSTITUTION 

MATh COUNSELING INSTITUTE 
p ■ i/jn£ n service 

PROGRAM 

MATH COUNSELING INSTITUTE 
"nniss Avenue North 
Is^lcU. Washington 98103 



fJOo) b3? -86.3 9 or 323-4106 
Contact Person(s) ; Peter Blum 



P ROGRAM DESCRIPTION 

The Math Counseling Institute is a private teaching and counseling service 
offering small classes, eight students at a maximum, and one-to-one 
tutoring and counseling for adults and children. 

One course, called Overcoming Math Aversion— for Adults deals with the 
"feeling blocks' 1 which keep people from learning math, Emphasis is on 
setting realistic goals in a supportive atmosphere with work on some 
specific math problems, Each class is lh hours in length, 

Overcoming Math Aversion—for Children uses the same basic format as the 
adult class but is geared to the needs of children. Each class is 1 hour 

1 o n 2 , 



Individual sessions for both adults and ch Idren are al 



so offered, 



In addition, the MCI staff makes presentations to educational and community 
organizations. 



The director, Peter Blum, has a Fh . D * in mathematics fro 



Qm the TJrivs^s^ t 



Ual itornia at Berkeley and has taught at Columbia University in New York, 
He brings to his work three years of clinical training in transactional 
analysis and has been working in the area of math anxiety for four years 
In addition to transactional analysis techniques , he employs gestalt 
techniques, and neur o^l inguis t.fc programming, 

MATERIALS AVAILABLE 

Descriptive brochure, on request * 

A self-help book by Peter Blum is in progress. Write if you wish to be 
aoiitiEiU when ic becomes available, 

STATE 

WASHINGTON 
INSTITUTION 

SHORELINE COMMUNITY COLLEGE 
State, two-year 
C oe d uc a t i on a 1 
Enrollment. 8,242 

PROGRAM 

"I CAN'T DO MATH" 
Shoreline Community College 
16101 Greenwood Avenue North 
Boat tie, Washington 98133 

(206) 546=4606/4776 




Contact Psrson(s) : Dianne Dailey 

Mary Benne 1 t 



PROGRAM DESCRIPTION 

Shoreline is a public community college that operates under the r »j gu 1 a t i o 
o: the Washington State Board for Community College Education, 

Z x e Women's Program, a department under Student Services s and the Women 
Student's Network first offered an "I" Can't Do Math" workshop Winter 
Quarter 1979, Thirty-five people attended this half-day session, caught 
by Jerine RIdgway, guest instructor *vot£ Seattle Central Community 
College, Two of Shoreline's business math instructors , Maryann Doe and 
Michael Warlum attended this session and with encouragement from 
Mb, Ridgvay, developed a model for a second math workshop, Twenty peopu 1 
a r ::-not'd the second session held Spring Quarter 1979, 

Shoreline 's Women's Program has continued to offer the math anxiety 
workshop once a quarter and has modified the program to be presented in I 
hour sessions once a week for four weeks. Fifteen to twenty students 
attended each workshop, Evaluation forms and informal follow-up indicate 
that participants feel they have gained valuable information and anxiety 
reduction techniques. Most students successfully continue on in math 
courses. 

Women 1 s Programs is now working on designing a math discovery class to 
include both Hath Anxiety Reduction and basic math skills, 

MATERIALS AVAILABLE 

Busine ss Math - A Po sitive A pproach by Mike Warlum and Maryann Doe, 
Goodyear Publishing Company* Write for details* 

STATE 

WASHINGTON 
I NSTI TUTION 

THE EVERGREEN STATE COLLEGE 

ate , t n ■ r-year 
• ioedu. a L i onal 
Va.vo L Iment : ? .000 

h t- OGRAM 

OVERCOMING MATH ANXIETIES 
The Evergreen State College 
0 L y m p i a , Was h i ng t on 98505 

(206) 866-6000 

" ■- * .-; ■:. i Person! s ) : Kaye V* Ladd , Chemistry 

Hazel Jo Reed , Mathematics 



PROGRAM DESCRIPT ION 

Work in Overcoming Math An::ietU.s i, i r,.-r;v.rated into some first and 
»econu y.:ar programs involving science. In addition the college has 
!!: e " d 3prt f lnl I^ter-hour courses specifically designed to" overcome 

...«Cti S n, le „ es . These courses will be offered in the future on an 

£r?« 866-Zi?o b£ 'f™ acion . con "« "ella Jacobs, Learning Resources 

' : ' • 856 tne following is a description of an 8 quarter-hou- 

course as most recent ly taught: 

MaCh Anxieties i„ a half-time program which meets twice a week 
' M pr °« ram ls d " ; Sneu to work in three areas: math anxieties, thinkin-' 
processes and college algebra. ' '• 

?rob1 e . = so lving covers the bulk of topic- in college algebra: per c< , ., 

•' ' ' ' ■ ,' " ' ' - ' a: ' • monomials and polynomials, solution 

o. uno, ;a I 5 or one variably solutions of monomial, of two variables ,nd 

applications of algebra to "word problems," " ' 

In addition, students learn to use algebraic calculators. 

Students were invited to supplement their assigned work with either the 

t- b >' iv, "> Selby or the self-naced lessons 
in cutiiu u term 01 fnm™ii-af-.i«..; ; „ , « _■ _ _ s 

on the material. 



computer-assigned instruction) and were given two tests 



Thinking processes were enveloped through reading a „d discussion of books 
l*ee below; and soiving thought problems Such as riddles. 

Math anxieties ware dealt with through direct discussion, book 
tournal 10 " 3 ' SpeCltlC flx ' ircifl « 3 designed to overcoming anxieties, and a 



The books assigned were: P. Anderson, The Trouble Twister,: E, Abbot 

- acland ' T - Barviile, He-., o Listen— How To Be Heard ; C. Dovle 
^^n£umi^l^£Zl£^.J^^^d Hpund - Qf :h , ZmIkervilleal d. Huff. How 
i " Wlth ::! '" ' a!ld fiow to Take A Chance- E. N.. . e,, — 

Z\fzhT/ ^ *' CjV * rClmin * H " th Anxiety; V . Sawyer, Ma thematic ians ' 

>bVf hRIALS AVAIlAfi LL 

A p ?«" lilscus3ir,n t,f "Overcoming Math Anxieties" with instructions 

t-r teneners who wish to work with anxiety reduction, written by Kaye V 
,! : ■ '■ " ■■■><■ ' xeroxing, mailing and handling. 

r^cription of course ., t.-u.ght Fall 19H0 available upon request. Contact 
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STATE 



WAS KINGTON 
INSTITUTION 

UNIVERSITY OF WASHINGTON 
Strata, four-year 
Coeduca t i onal 
£ nro llwann: 36,000 

PROGRAM 

_ . . . . . ...... . -. -- ..... * * - - . . , , i « t<" t i * ?? t i t v t \vt* *"!'";' f r* f r r i l 

Mi t hematics Education 
I ! 5 Mil Ur Hal 1 DQ 12 
University of Washington 
Seattle, Washington 98195 

(206) 543-1847 

Contact PtrsonEs): Mildred Kersh, Mathematics Education 

Nancy Cook, Psychology 

PROGRAM DESC RIPTION 

The program at the University of Washington has been inspired by a desire 
on the part of the co-directors to break the cycle of mathematics avoidance 
in females. Noting that many elementary education majors are females who 
avoided mathematics in high school and in college, they decided to focus on 
this population and to try to reawaken an interest in mathematics by 
building confidence and teaching mathematics creatively. The expectation 
is that participants 1 attitudes will change and that they, in turn, will be 
able to teach mathematics more creatively in the schools. 

The project directors, currently supported by federal funds* (Fund for the 
Improvement of Pos t secondary Education) manage three two-quarter courses 
*ach year. Each two-quarter course sequence has been between 20 and 30 
students. Teachers and counselors (i.e. participants) receive three units 
p-r quart ar and are charged $30. 00 for both quarters. 

No formal follow-up studies are planned. However, the former students from 
the grant program continue to meet with the staff on a monthly basis. 

Mildred Kersh, Nancy Cook and their associates in the program have chosen 
to focus their courses , in part, on the development of and improvement of 
participants 1 spatial visualization abilities. This process 'involves : 
1) a precise delineation of types of spatial abilities; 2) development of 
materials to stimulate and practice these abilities; 3) demonstration of 
use of these materials; 4) suggestions as to how to integrate them into the 
regular elementary or intermediate level math classroom. 



The choice of spatial visualization c - a skill=focus is derived from the 
allegation of lesser performance on spatial visualization tests of femaX 
than males and che pu : af_ i ve connection between mathematical ability (or 
mathematical confidence) and spatial visualization. 

In the course of the FIPSE grant period, a considerable array of spatial 
v isualization materials were ae ve lo ped . 

MATE RIALS _ AVAILABLE 

Spatial visualization kits, instructor manuals. Write for details. 

STAT?* 



CA L IF CRN IA 
INSTITUTION 



LEARNING INSTITUTE 

1983 by Pitman Loarnln? Inc.. 

Ihe Learning Institute is a division of Pitman Learning Inc 

19 Davis Drive 

Belmont, California 94002 



PROGRAM 



MEETING L HE MATH CHALLENGE FUK THE 60 ' s 
PROGRAM DESCRIPTION 



Enjoyable, Understandable, Practical, These words only begin to describe a 
Marilyn burns math program. In five days of intense'and exhilarating 
activity you will learn just how much fun a math program can be while you 
explore one of the most crucial aspects of your job—how to ensure that 
your students master computational skills and learn how to use these skills 
to solve problems. In short, how to make math make sense to your kids. 

In five exciting, idea-filled days, you will learn how to* 

. Provide activities that will help your kids enjoy math while they build 

^kill and competence; 
- r ' ,s s c rn 1 & h r forward , easily understood techniques to find out where a 

.mil Id's dLii Lenity lies and what to do about it; 
. ••r.-anni' your classroom for maximum math learning; 

. M*Mit tht' widely differing needs and abiMr'us in your classroom without 

spreading yourself so thin that no one i s helped; 
. Brtj.-ik through to the kid:; who have given up and believe that math will 

forever remain a mystery; 
. Ensure that your s'udents master computation skills and learn how and 

w^ere to use those s kill s to solve problems; 

Structure your rnirh time to combat rhn M what do T do when I'm done? " 
a end rome ; 

Help students help each other to soi^e math problems; 
Challenge i he gifted math student; 



, Organize and manage math supplies and materials more easily and 
erf iciently ; 

Broaden your math program to include more than basic arithmetic* 
. Use a few simple principles to bring new clarity* effectiveness and p-v v/ ,_ r 
to your entire math program, .... plus a host of innovative, class room- 
tested strategies that you can use to tackle your toughest math 
cha 1 lenges • 



SI ATE 



CALIFORNIA 



INS' ITUTXQN 

CENTER -''j'd INNOVATION IN EDUCATION , Inc. 

:j22j Vineyard Lane 

Saratoga, California 950 70 

PROGRAM 



MA T HE MAT ICS THEIR WAY and MATHEMATICS , * *A WAY OF THINKING Works* hups 



PROGRAM DESCRIPTION 



The program is designed for classroom teachers P E*H„ and L*D* teachers, 
para-professional aides, administrators, and parents who are searching for 
an alternative to the textbook for teaching mathematics with an emphasis on 
problem solving* 

Each summer course is run as a model classroom with teachers actively 
involved in. the learning process. The workshop focuses on manipulative 
:-..at trials and ac t ivi ty- centered learning* Its aid is to encourage 
chinking, understanding and creativity as well as mastery of basic skills. 



Programs Include* 



Ha thematic a Their Way 

Workshop for 
K-2 Teachers 



Mathema t 1 c n A Way of Thinking 



Workshop for 
3^6 Teachers 



Concepts dealt withr 

Free exploration, pattern, sorting 
and classifying, comparing, count - 
i n;, number (beginning addition 

1 subtraction), measurement, 
graphing and problem solving* 

Materia!!? * At 

Assorted ' ink," recyclables, 
teacher-made cards and materials, 
■•r. ' fix cubes , pattern blocks, 
wooden cubes, tiles , rice, milk 
carton scales, and geoboards. 



Concepts dealt with: 

Establishing a learning environment 
for all students in class, Special 
emphasis on overcoming the 
difficulties of ^tudants who h n 
trouble with mats* 

Materials used: 

k variety of readily available, 
inexpensive materials which enable 
teachers to implement activity^ 
centered learning on a verv 1 ow 
budge t * 




Cu rrleulup Re s ou rce Ma E^rials : 



Hatheiaaties THEI R Way 

M , Ha rat t a^Lor t on 

- Complere manipulative K-2 math 

curricul urn 
. 200-plus ciasaroo 1 -developed and 

proven experiences 
. ^00 photos of children involved 

in activities 
. Sample Leaching strategies, with 

suggested dialog 

* Activities using familiar 
materials 

s Easy- Lo-manage assessment sys tern 

* Typical teachers' questions 
answered 

* JiQclaine masters fur student 
worksheets 



Mathematics* * .A Way of Thinking 

H. Barat Ea-Lorton 

. Detailed guide for an intermediate 
activity-centered math curriculum 

. Successful learning experiences 
for students having trouble with 
math. Challenging math 
experience? for ail students 

. For whole-class teaching with 
students of widely varying math 
abi i i ties 

, Introduces concepts beyond arith- 
metic: problem solving, geometry, 
statistics, probability, and more 

. Suggested dialog and 5tep=by=sCep 
illustrations 

- A complete curriculum, or 

activities to supplement any basal 
ser i es 

. No student reading; no student 
text 



MATERIALS AVAILABLE 



Mathematics Their Way 04321 $5.80 Mar hemat i cs . A Way of Thinking 

(3 of t bound) 04322 $15.00 

Replacement pad of Blackline 
Masters 04321 $5.^0 

To order publications, please enclose a check payable to: 

Add 1 son-Wos ley Publishing Company 
2 725 Sand Hill Road, Room A204 
Menlo Park, California 94025 

S TATE 

v iRf;r.MA 

INSTITUTION 



PROGRAM 

MULTIPLYING OPTIONS AND H I; fl TRACT INC B IAS 
Author: Elizabeth Fenncma 
PROGRAM DESCRIPTION 

A videotape and workshop intervention program designed to eliminate sexi 
from mathematics education. Pour 30-minuce, rail-color videotapes, 



sm 



37 



92 



ERIC 



oar raced by Mario Thomas* each for a specific jun ior / sen ior high school 
audience; uses a variety of forma ts — candid interviews s dramatic vignettes , 
snd expert ces cimony^^to address the problem of mathematics avoidance and 
suggest some possible solutions, A 192-page f ac i 1 i t a t or f s gride provider 
an overview of the workshops, detailed instructions on how the facilitator 
can prepare for conducting the workshops, and four separate s tep-by-s tep 
nets of workshop instructions for each of the target audiences, 1981. 

MATE RIALS AVAILABLE 

£nch Videotape & Guide .*•».••«, 

Students = . .#303 Parents ............ 

j r .fr305 Guidance Counselors 

All Four Videotapes and A Guide £307 

Specify tape size when ordering 
j/4" Videotape, BETA h" Open Reel & VHS 

To order materials, please enclose a check payable to: 

NCTNN Educational Materials 
1906 Association Drive 
Res ton , Virginia 22091 

STATE 

CALIFORNIA 

INSTITUTION 

PROJECT SEED, INC, 
Non-profit Corporation 

PROGRAM 

PROJECT SEED 

'3 3 6 -A McKinley Ave. 

Berkeley, California 94703 

(415) 646=3422 

•Ji :,tcicL ?e r s on ( s ) ; William F, Jontz, Director 
V--Q<-;RAM DESCRIPTION 

Prjject SEED is a nationwide program in which professional mat hemat ici ans 
and scientists from major universities and research corporations teach 
abstract, conceptually oriented mathematics to full^sized classs of 
educationally disadvantaged elementary school children on a da i ly basis as 
a supplem- to their regular arithmetic program* The mathematics is 
presented through the use of a Socratic group discovery format in which 
children discover mathematical concepts by answering a sequence of 
questions posed by the SEED instructor* The mathematical topics are chosen 



,$125.00 
#304 
••JO:, 
$375 . 00 
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irom high school and college algebra to reinforce and improve c he students' 
computational skills and Co help equip >:hem for success in 
college-preparatory mathematics courses at the secondary level. Project 
SEED teaches entire regular elementary school classes rather than specially 
selected groups of students. 

Project SEED's long-range goal is to increase significantly the number of 
minority and educationally disadvantaged youth majoring in, and attaining 
careers in, mathematics antf the mathematics-related fields. Project SEED 
attains this objective by raising the achievement level and consequently 
the gelt-concepc of disadvantaged children by providing them with success 
in a hi.ph-sc.icus, abstract subject. It is important that the subject nor 
be associated with past failure, as language arts and the note familiar 
arithmetic tend to be. The direct remediation which characterizes most 
compensatory education programs usually fails because it tends to derogate 
the child by concentrating on the areas in which he or she has already 
railed. Project SEED achieves success because remedial arithmetic, is 
embedded in the SEED curriculum (high school and college algebra) which is 
new, hi ^h- status and free of past failure connotations. 

The regular classroom teacher is always present when the SEED mathematician 
is working with his or her class. Consequently, Project SEED provides an 
ideal, ongoing, daily inservice training program for the teachers in whose 
classes we are working. Regular teachers learn mathematics and effective 
teaching methodology. They also acquire new expectations for disadvantaged 
children. This teacher training occurs far more readily in Project SEED 
than it does from traditional inservice classes because the SEED specialist 
demonstrates the new techniques and attitudes daily in the regular 
teacher's own classroom. A major evaluation of the CariFornia SEED project 
in more than 200 classes conducted by Cat Tech revealed a very positive 
attitude toward SEED on line part of the teachers in whose classes the 
program was operating. 



RESOURCES 
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BOOKS 



Armstrong , Jane M. Achievement and Participation of Women in Mathematics I 
An Overview* Denver, CO* Education Commission of the States, 1980, 

Brush, Lorelei R. Encouraging Girls in Ma thematic 8 : The Problem and the 
Solution, Cambridge, MA* Abt Books, 1980, 

China, Phyllis, Women in Science and Mathematics Bibliography. Areata, 
CA, Humboldt State University, 1980. 

Fox, Lynn H, Minorities and Mathematics- New York, NY, Ford Foundation, 
Office of Reports, 1981, 

Fox, Lynn H*, Brody, L*, and To bin, D. , eds, Woarn and tfra Mathematical 

Myatiqne- Baltimore, MB, The Johns Hopkins University Press, 1980, 

Hall, P, Q« Problems and Solutions in Education* Employment rtnd Personal 
Choices of Minority Women in Science, Washington, D.C, American 
Association for the Advancement of Science, 1981, 

Humpreys , S,, ed , Women and Minorities in Science! Strategics for 
Increasing Participation- Boulder, CO, West view Press, 1982* 

Lovett, James C. and Snyder, Ted, Resources for Teaching Mathematics is 
Bilingual Classroom* Ohio State University, 1979* 

Skolnick, J., Langbort, C, and Day, L. How to Encourage Girls in Math and 
Science, Englewood Cliffy, NJ t Prentice -Ha L L , Inc., 1982, 

Tobias, Sheila, Paths to Programs for Intervention ($16) £ Hesource 
Catalogue for Practitioners ($13); Resource Manual for Counselor* /Math 
Instructors ($12) ; Self Help Kit for Students ($12), (Order from: 
Institute for the Study of Anxiety in Learning, Washington School of 
Psychiatry, 1610 New Hampshire Avenue, NW ? Washington, D,G, 20009, 
Telephone (202) 667-6380,) 



AOTIGLES 

Armstrong, James M. Achievement and Participation of Women in Mathematics 
Results of Two Rational Surveys- Journal for Research in Mathematics 
Education, vl2 n5 p356-72. November 1981. 

Results of two national surveys indicate that sex differences in 
achievement on mathematical applications persist even when different levels 
of mathematics participation are controlled, 

Becker, Joanne Rossi and Jacobs, Judith E, Sex; Is It an Issue in 
Mathematics? Educational Horizons , v61 p 60-6 7, Winter 1983, 

Becker and Jacobs point out that differences in mathematics achievement by 
males and females are influenced by differential societal expectations, 
They cite some intervention programs that have been successful in curbing 
the sex-typing of mathematics as male, 



Ben bow, Camilla Persson and Stanely f Julian C* SeSt Difference® in 
HiCh^acieal Ability I Fact or Artifact? Science, v21G n4475 pi 262-64, 
December 1980, 

Substantial se% differences in mathematical reasoning ability in favor of 
males was apparently found by this study* The data was collected in an 
investigation of intellectually gifted junior high school pupils who took 
the Scholastic Aptitude Test* 

Burton, Grace M. Perception of the Horizontal and Vertical by College 
Students. J ou r na 1 f o r _ fa se a rc h in Ma the ma tics Education, vll n3 p 385-88. 
November 1 980 - 

College students are assessed for their abilities at horizontal and 
vertical spatial tasks* Differences between males and females and between 
vertical and horizontal testa are covered in this study* 

de Wolf, Virginia A, High School Mathematics Preparation and Sex 
Differences in Quantitative Abilities - Psychology of Women Quarterly^ v5 
n4 p555-67. Summer 1981. ^ 

On six mathematical subtests studied, males scored higher plus took 
significantly more algebra, geometry! advanced mathematics, and physics 
coursework. Female ■* "rned higher overall mathematics grades* After 
statistically cont * i^ing for the amount of coursework taken , sex 
differences disappeared on two quantitative tests and on spatial ability. 

Fennema f Elizabeth; Carpenter^ Thomas P. Sex— Related Differences in 
Mathematics: Results Iron Hat ions 1 Assessment* Matheniaties Teacher > v74 
n? p554-59- October 1981, 

Data from the second mathematics assessment of the National Assessment of 
Educational Progress shows little difference between males and females in 
overall mathematics achievement at ages 9 and 13* However T at age 17$ 
females are not achieving as well in mathematics as males, 

Fox* Lynn. Mathematically Able Girls i A Special Challenge* Arithme t 1c 
Teacher, v28 n6 p22=23* February 1981* 

The special needs and problems associated with encouraging mathematically 
able girls to pursue advanced training and education are detailed* Several 
specific suggestions on ways to help female students in these areas are 
given • 

Jones ? ±*eter L, Learning Mat hems tics in a Second Language: A Problem with 
More and Less* Educational Studies in Mathematics | vl3 n3 p269-87 , August 
1982, 

Students in Papua, New Guinea were given a test in which the words more and 
less were used in different contexts. Half the pupils studied had English 
as their first language! for the other half Engl ish was a second language. 
Study results of pupil errors suggested serious educational implications, 

Kirs chner , Vicky. What Eesesr/cta Says: Females and Mathematics* School 

Science and Mathematics j v82 n6 p511-13. October 1982 s 
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Selected mathematics education research om the role and nature of women in 
mathematics is reviewed. Studies are quoted which indicate that there are 
no inherent factors which keep girls from learning mathematica at the saF 4 e 
level as boys, and that intervention programs can be effective* 

Kolata, Oina Bar i • Math and Sex i Ara Gixmrls Born with Lass Ability? 

Science* v210 n4475 pI234-35. December 1980, 

The idea that females may be born with le^ s mathematical ability than males 
is explored, Data from Ben how and Stanley ? i\$ well as from the Education 
Commission of the States, are considered * 

Luc h ins , Edith H s Women and Mathematics : Fact and Fiction. American 
Ma th ema? t i c a 1 Hon th ly * v88 n6 p413-l9 . Jur-ie through July 1981* 

Frequently cited sex differences in generr^al psychology texts are noted. 
With si-eh "d if ferences M specif ied even when scientific evidence did not 
exist* Research on brain lateral isat ion and sex difference is reviewed* 

Mitche lmoru , Michael G* Three -DxjnenaionflM Gro*itric*l Drawing in in Three 
Cultures, Educational Stu dies in H athemtics, vll n2 p205-16 s May 1980, 

Significant differences between groups of students from the U -S , , England, 
and Jamaica in the area of spatial a b 1 1 it were indicated* Some 
significant differences between sexes wares also found on the test used. 

Na iman* Adeline, Women Techno phobia and Csajnteri, Classroonn Computer 
News j v2 n3 p2'3-24. January^February 1983* 

Microcomputers are viewed as bridges beCwef en the traditional world defined 
for women and the male -dominated world of technology. The view expressed 
is that female use of computers helps to E essen fear of teehnologysand 
microcomputers can be a beginning support i_ ve step* 

Schofield, Hilary L, Crude Level, azad the Xelationahip between 

Mathematics Attitude and Adhiev»ent in C^mildren. Journal of Education 
Research* v75 n3 P 280-8<L May-June 1982, 

Data on the mathematica attitudes and achievement of fourth through siKth 
grade students were considered in relatior^L to sex of student, grade level* 
type of achievement test, and time during the school year at which the 
measurements were taken. 

Taylor , B * Ross* Equity in Hathtnaatics z jA Caae Study* Mathqmaticg 
Teachers; v76 nl pl2-2 7, January 1983* 

How the Minneapolis Public Schools have adM dressed equity issues of 
increasing female and minority par tic i pat i_ on in mathematics is described* 
The Minneapolis experience has shown that considerable progress can be made 
is a result o f . awareness of inequities andE a belief that they can be 
reduced* 
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Tomi^zuka, C * ; and Others. HatWmsAtical Ability: Is Sex A Factor? 

Sc isnee , v!2 n4491 p 114-21. Apr:LS-l 1981, 



Heafflers responses to an article boy Eenbow and Stanhy in the Dccgn&csr » I f J&0 
issi^ae are presented. The iettetss are followed by a response by the authors 
of t=he original article, who cla - _ ify points and stress the magnitude of the 
sex difference uncovered in theirs research* 



(fXBBMJL ARTICLES 

An y c— k j C* M. , Carpenter, T. M» , asnd Smith, C* Minorities and Mathematics : 
Bas^aits froa the national igatiaHMnt ©f Educational Progress. Ma thjma^t i c s 
Teac=hers, 1982, . %, pp. 560—568 ~ ~~ 

Blurry, L. and Giv,--. , 8, Xncrcaa i ■ ng the Participation of Wowen in Fields 
thatm Eae Mathematics* Age rig &n__MMa_th ema t ica 1 Month jy ± December 1980, 
pp. 785-792, 

Cha»ng, George, Relations Jams Syso^try , Asywaetry, Perceptual 
Gowpt=>rehenaiou of HtnMrall by JCiwillergart en ad First Grade Children . 

British Journal of Psycholog y * W71 j pp* 275-82, May 1980, 

El iiiott, Portia C s Going "Back fc=e Basics** in Mathematics Won't Fro^e Who f p 
^i^B^fr* 1 tat Ma's t9 L€£t 11 (Brain 0Ouili t: y and Mathematics Learning*) inter- 
na tLXonal Journal of Mathematical Educa tion in_ Sc ienco jind Technology _» v 1 1 , 
n2 , pp, 213-19, April-June, 1980. , 

Kautr— h, G, C. and Jacobs, J* E, SKquity in Hat hematics Education: The 
Kduc=atioDal Leader's Sole* Ejuca st ion a 1 Leadersh ip . March 1 980 f 
pp* 485^490, 

Fox* - Lynn 11* f Brody, L, and Tobi ^n, D* (edg.) Vows aad the Hathekoatical 
Mya^^ique. Baltimore, MDs The JnT»hns Hopkins University Press 3 1980, 

Greg^ory, R. J- and others* Lefc^I— Handedneao and Spatial seasoning 
Abjl_itieas The Deficit Hypothc si Kevi a ted . Inte jjigence t v4, n2, 
pp. 157-59. April-June, 1980, 

Townees , B, D f , and Others. H^uro ^psycho logica I CorriliEes of Academic 
Sacc^zesfl asong Elementary School Cnzhildren , Journal oj_ Consul ting and 
Clln^ieal Psychology. v*48, n6 f pl*p- 675-84 # December 1980. 

ERIC POC7ZUMENTS —ABSTRACTS 

(Cal 1 KNOW-NET Project, (206) 753-^2858, for assistance in ordering full 
doc - uraents # ) 



EDI 9^ *I699 

Sali exit Issues in Matheaatic* SdMweation Research fer Minorities. 
Proc--cedings fra an BTE Sponsored I Meeting (Seattle, Washington, April 18, 
ISBfr*). April 1980* 42pp. 
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^rief papers in this document w^t ~- « pr^parfed for an Nll^iponsored 
l n April 1980, Claudette Bradley pose* a questions (but no answers) 
-~s after ting American Indians, A-J^lbofta Cazstaneda stresses the need 
.m< 'tain how young ch ildren learn tn^t ~ taflti ideas. Tony Alfredo 
1<- -i notes inadequacies of Spanish bi ^ lingual programs. Dors Serna 
( as the use of students' vsrnacul#t"^ language in instruction.* Hilda 
• also comments on bilingual concerns * * Sau^LiLm Tsang presents a review 

* search studies with Chinese American jk students 9 covering the copies of 
lematical achievement , testing? Pijggt , ian tasks , and curriculum * 

Jl 94319 

Jreative Associates , Inc * Stfltc^of ^tja^A^Jkifc Eeport on Mathematics Achieve*- 
mmtL of Students of Black, Hispanic, jn^ _ Jitive te^rim Origins* Final 
Report Slid Annotated Bibliography— Select* Rese^r-ch Studies- July 1980, 
88pp. 

This two-part report reviews three majo^ «. ^reas of influence in th« methe= 
mattes learning of minority children ; (1 ) learnin g style, personality and 
self-concept influences; (2) linguistic e f fee t a ; and (3) school influences. 
Low mathematics achievement and nonpar tie ipaiion o f Black, Hispanic, and 
Native American children have become e^h^» ^rni of administrators, teaehars j 
curriculum directors, and parenUi A$ r society becomes increasingly 

mor-s technological* the ramifications of tliii educational situation become 
more drastic* This paper reviews result 8 of gengr-al studies on achievement 
of minority students nnd draws on rms^Bt^W\\ in mat Hematics achieve^nenc of 
the general population to locate the im * ct of certain factors on the 
minority pupil situation* Each of thm th^ yog major factors identified are 
reviewed in detail, with the many inter nflQefced factors discussed, and 
separate and combination affects assessed wlier a possible* The report 
concludes with a sunmary and reconrnenda tie^ens f or changes in educational 
practices and suggestions for further r^s« ««ch. T3ie appendix contains a 
list of additional references on other ft* ctofs relevant to mathematics 
learning of minority students. Part t^o oof this report is an anno tat -a 
bibliography of selected research studies in minority education* 

EDI 94346 

Junghans , Barbara J. Math Anxiety f Hsttt AAvolAsnee 9 Participation in Math* 
A Sumary of Research Curriculum Re ^c w^ft m mj iii t i o tu for Career Education. 

July 1980* 2 7pp. 

Presented is the product of a curriculurtj ^xcpe*ft originated in the Wequon- 
Theinsville Sex Equity Committee, and fQ£u-*jsing on raathematies anxiety and 
avoidance* The project's two major pur §o^»e§ were teoi (1) have the 
district's two major instructors become fl^^/ire of t*He problem, its implica- 
tions f consequences, and suggested i ntet , ^^»ntion strategies ; and (2) 
initiate the development of some conctet^ curriculum activities at the high 
school level* aimed at increasing pupil f ^Mrtif?ip4t£an in mathemataL ci* 
Sections ; n the report include) (1) a ^MtSMiry of ^research on math anxiety f 
including categorized recommendations overeofiiirig the probleroj £ 2) 

statistics from Homestead High School 1 s ^e^cond sweater in the 1 97 9-80 
school yearf (3) reference materials tel^CtedEo mathematics centers and 



r«?souree people contracted by the project (5) sample student activities 
i^med at career education, with problems geared to particular careers art d 
career profiles! (6) a description of & videotape s erigg deve 1 oped to 
pi^ovide accurate information about women and mathematics) and (6) a 
Iffilected bibliography, 

EBP199105 

K— incaid, Marylou Butler and Austin^Martin, George, Relationship Between^ 
rt-mth Attitude** and Achievement, Parents 1 Occupation, and Math Anxiety 
F^sale College Frealmen- January 1981* 27pp. 

A paper presented at the annual meeting of the Southwest Kducat ionn I 
R«search Association in Dal las , Texas. 

E3201478 

7-- indquist , Mary Montgomery, Id, Selected Issues in Mathesaties EduGatio^B. 
1*980. 268pp, 

TSiis document examines specifically relevant issues and offers .useful 
gi^jidanee in making decisions for elementary and secondary school 
m^athematies education in the 1980 1 s • The expert i se of 19 authors is 

fleeted in 14 chapters that provide for an overview of mathema ti cs tod *ay 
amd recommendations for the future, The individual chapters are titled! 
( n) Assessing the Mathematics Curriculum Today % < 2) Problem Solving: Is It 
a Probiem?| C3) The Role of Computation} (4) Measurement! How Much?; 
(S) Knowing Rational Numbers | Ideas and Symbols f (6) Probability and 
Statistics! Today's Ciphering! (7) Geometry! What Shape for a 
C comprehensive Balanced Curriculum?! (8) The Role of Manipulative Materia Is 
in the Learning of Mathematical Concepts; (9) Compu ters and Calculators in 
rtr^e Mathematics Classroom! (10) Attitudei and Machefnatica; (11) Sex^Rela ted 
Issues in Mathematics Education; (12) The Teacher; Variable in Mat hematic « 
Imstruction ; (13) Basic Mathematics Skills! and (14) Recommendations for 
Sc=hool Mathematics Programs of the 1980 , 8 > 

EHD201492 

Suaydamj Marilyn N„ , Ed* and Kasten, Margaret L, , Ed, Investigations in 
tethmtics Education, Vol- 14, Ho. 2. 1981, 72pp. 

Twelve research reports related to mathematics education are abstracted 

at — %d analyzed. Three of the reports deal with aspects of learning theory ^ 

cHrea with topi'c* in raathematic/§ instruction (fraC clons, problem solving ^ 

ar— id application orientation), two with aspects of computer assisted 

ir-=is true tion , and one each with advanced placement calculators, ma Cnema ci«« s 

ar^nxiety,, and sex differences, Research related to mat hematics education 

wr^ieh was reported in CIJE and RIE between October and December 1980 is 

listed, 

EO201696 

dements, M. A. Spatial Ability, Final bagtry, and Mathematical 
aiming* April 1981* 57pp* 

THis document briefly reviews four areas of educational inquiry. The fi^^st 
5r=ction is concerned with definitions of the terras "spatial ability" and 
M v^i sual imagery 11 ! the second is concerned with training studies in which 
attempts have been made to improve -spatial ability or to encourage greatttr 
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use - of visual imagery in problem solving; the ^hird pertains Co leu 

d if f - erences in spatial performance | ft nil the foturth is concerned with 

stud ias investigating relationships between sp^Btial ability* v£ jual im^^ery 

and Ganathemacical performance* It ig concluded that not only is there 

lict le agreement, at present, about howapaciaZUL ability and visual imager - ry 

shou Id be defined , but also clear relationship's between spatial ability ^ and 

yisu^^l imagery, whatever t\*y are, and latheraacr: i eal learnings have not b»^en 

iden t if ied * 

EP20^153 

Cfeaweli, John L. and Exezidis 9 RoKancU, Sfex and Ethnic Difference a in ^ 

HattMe in itics Achievement @f Black mtkd Hfili i ft— n i i mi Ado left cetrt. 1981. # 

7pp, 



A pamper presented at the annual me©tiiipf the Southwest Educational 
Reserarch Association in Dallas, TeHa§ # 

ED2 0^410 

Heecffl, Judith L* Sex Differences in ^ieveMnaC-Belated Affm^fci April 
1981 21pp. 

A paper presented at the annual meatingof the American Educational 
research Association in Los Angeles* Includes Tnathematies education and 
mat h^^mat i cs anxiety, 

ED20S3S5 

Con new r, jane M s and Serbin, Lisa A* Mtaiafci cr= a , Visual -Spatial &%litf^ 
and ^Bmm Holes, Final Sapor 1980, flp, 

Sever*— a 1 studies that were directed towards exatm ining the in finance of 
cognitive factors in stx^related differences in mat hemat i cs *ich ievenient tere 
repor— ted, Specifically, two lines of research were pursued examining: (II) 
the r = elat ionshi p between different typn of via =Tjal^spat ial skill and 
mathe^fna tics achievement, and (2) the trainabili rty of visua 1-s pa tlal skilii 
in juu_nior high school students P Part I of this report d iaeuage^ two 
studi ejs that examine the relationship between m^^thematics achie^/enei 1 ' 
(inci-xiding computation, algebra, and geometry) and visua 1-spat i^l iki 1 1 9 
The f * esul cs of the two studies indicated that vrdsual skill arid spatial 
on en Cation skill are somewhat d is cine t and botBti contribute t o predicting s 
ma',hemiatics achievement* Further feio^Ji exainSning the develops and 
train^^abi 1 i ty of these skills is pr<?r n c?t eil, Part II focuses on 
viaua i^spntial training research triac viiearri^sd on in 1 97 7-1 960. The 
197 9- 1 980 investigation is the focus, vith the err wo earlier years of wc-rlc 
endin^g with negative results. Thig earlier wort— c is documented in the h§p*~e 
that mothers may profit in reading about these e*— eperiences and conclusions 

£D2G6«>60 ^ 

Fennenraa* Elizabeth, Ed* and Others, Hatheoaticcs Education Aea£«rchs 
tapli^^ationa for Che SO f s. 1981* ISSpp, 

Sponsc^red by the Association for Supervision aneil Curriculum Development ar«id 
the N^ational Council of Teachers of Mathematics this document %m avail ablo«e 
from tehe Association for Supervision and Curricu** lum Pevelopnietit * 225 
Washimgton St*, Alexandria* VA 22314- Coat is $6,75, 
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Jacket C , * Gail* Mathnaties Saif-If f icacy and the Coftaidiration of »lath- 
Related K&Zajors: A Preliminary Path Modal, August t98K 31 PP - 

The purpo, se of this study was Co test the hypothesis that mathema t i^— ^ 
elated s - cl f-ef f icacy mediates the effects of gender and m-uhemac i c>~n 1 
prgparaci»on and achievement on mathematics-relatednes s of college 1 nu-wn j u r , 
Tlse res po t rises of 117 undergraduates to a series of inventories ami 
quest ionn _ aires yielded seven variables descriptive of t He math em a 1 1 ■ - ~ s - 
related e~ areer-choiee process! a casual model of the interrelat ionalEii ps of 
these var -i abler* was constructed from predictions based on eel f ^e f 1 ioeac y 
tlieor y • - A path analysis and consequent refinement of f He inodu 1 rvu j I Led hi 
a final p--*ath model which was congruent with a sel f-^f f icflcy approach to 
women 1 s earner deve 1 opment . Gender was found to influence mat hemat ti cs soil- 
efficacy inci reetly through two avenues of influence* ( 1) social i &-s^at ion 
influence s, as captured by the Bern Sex Role Inventory masculinity s^core; 
and (2) fli mathematics preparation, as mediated by the ye*rBof high ?i-&chool 
Kiftthemati cs and mathematics achievement level* Mathematics-related self- 
efficacy in turn influenced both mathematics anxiety and mat hem a ti c ts=&- 
relatedne -ss of college major. Gender, years of high school mat h@m ( i»: I cs $ 
and mnth^^matics anxiety were also found to influence mathematics mn_jor 
choice di . rectly, as well as indirectly through mathematics self-eft " icacy. 
Unexpec ce . - d results and implications of the model are discussed- 

ED209069 

Ford Foun -dation. Minorities and Mathematics- A Ford faufldatiso Btm^mff 

Pipsr N©. . 415* August 1981, 29pp, 

Ms rape* *rr opens with a bleak picture of the kind of mathematics nraaw 

taught wi thin American classrooms, The situation for minority scud«ents is 

viewed as . particularly grim* The Ford Foundation launched a ma jor 

national effort to improve minority students 1 performance in matheui ~i ti es 

and to he : lp mathematics teachers improve the quality of their instrmiction. 

The Found .ation expects that the lessons learned and the techniques 

developed I will help advance learning in science and mathematics for all 

students. Nine grants made recently as part of the Foundation f b inzrltiatLve 

Into this s area are profiled in the remainder of the document. 

ED210153 

Ortiz-Fra-_neo , Luis* First Glances at Language and Culture in Math i _ aties 

Edueatioflti* August 1980* 12pp. 

Ms docu-_inent highlights points made in papers presented in the two 
icheduled . sessions devoted to issuer in mathematics education af fee <rting 
minority - students at the 1980 National Council of T^Ach^rs of Mat hcr=nat i cs 
(NCTM) cot nf erence . The first meeting was part of the official NCTM 
conference a program. The second meeting was sponsored t?y the Nat 1 on^-n 1 
Institute of Education ( NIE) . Points from a total of three papers 
presented over the two meetings are discussed, A p^pef concerned V3± nh 
verbal problem solving in mathematics among Chicano Ptudcnti Lb the first 
to be sunt»marized, as it was only discussed at the NcTm geseion* Th*™; othrr 
two were further discussed at the NIE-sponsored meeting* Oroad are-sas of 
ideas frmm both these papers are combined in a summary tlit review She 
following ; topic areas- bilingual education, curriculum, teaching nr-nd 
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teacher training, ethnography, testing, and basic research. It is noted 
that there is a general lack of replications of research studies with 
minority students on findings and practices that are from mathematics 
education research that focus on the majority* It is felt the absence of 
such replications adds to the dubiousness of purportedly generalized 
outcomes* and needs to he remedied, 



ED210i54 

Ortiz-Franco, Luis. A Synthesis of Selected Sasearch at WW in 
to Minorities, October 1981. 18pp. 



Nineteen projects related to mathematics education issues among minorities, 
funded by the Learning and Development Unit at the National Institute of 
Education (NIE), are summarized, It is felt that minorities and 
mathematics education issues have been largely neglected in recent 
investigations. This neglect is seen to have the potential to render 
tenuous the general izabi 1 ity of empirical findings which have been observed 
among the non-minority student population. The studies abstracted here 
cover seven ethnic groups , with both sexes included, Collectively,- they 
include populations in all levels of schooling* More specifically, two 
investigations include pre-el ementar y school populations , six involve 
grades K-6, six focus on grades 7 -9 , four on grades 10^12* seven include 
college populations, and five involve adult professionals. Further, three 
studies do not specify what ethnic groups are included, Of the remaining, 
eight involve whites, seven pertain to blacks, and four include Puerto 
Ricans, Each of the groups American Indians, Chinese, and Chicanes is 
included in two studies, and one report includes Alaskan Natives, One 
study covers females only, the remaining include both sexes. 



ED211353 

Fox, Lynn H. The Problem of Women and Mathematics, August 1981, 38pp* 

This report is divided into two main parts. The first part, The Problem of 
Women and Mathematics, emphasizes results of ten research projects 
initially funded by the National Institute of Education (NIE) m 1979. 
They are emphasized because the findings are current and the projects 
touched on all major issues. This part has sections on Sex Differences in 
Mathematics, Factors Influencing the Study and Learning in Mathematics, and 
Factors Influencing Career Interests and Choice, The second section, Where 
Do We Go From Here, is drawn from the book "Women and the Mathematical 
Mystique," This part suggests directions for research and directions for 
change. The document i -ludes with a list of references. 

ED212466 

Stewart, Claire* Sex DiffferanMs in Mathematics- Research Report. 

February 1981, I8pp* 

This document reviews current literature, and contains the following 
section titles* Generml background; Current position in New Zealand and 
trends; Cross-cultural Jtudies; Spatial visualisation and problem solving; 
Achievement! Attitudes; Attitudes and Achievement! Mathematics as useful; 
Confidence in mathematics ability! socialization/sex typing; Women in 
mathematics-related fields! Home environment; School environment! Type of 
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school; Careers^ and Summary* It is noted that the studies vary In their 
reports' of exactly when sex differences in mathematics achievement em erg** f 
but generally it is reported that there are few differences at the primary 
level. It is in high school that males pull ahead. Even when participa- 
tion and achievement are almost equal in middle high school, as is the case 
for recent New Zealand school certificate exams, girls are stilL less 
likely than boys to continue with mathematics* It is felt that useful 
investigations could look further into the relationship between the 
development of attitudes towards mathematics and participation and 
achievement in mathematics* 



ED219237 

Fennema, Elizabeth; Reyes Laurie H. Teacher/Peer Influences en Sex 
Differences in Mathematics Confidence, Final Report* October 1981, 
227pp. 

The participation in certain classroom processes by students of high and 
low mathematics confidence who scored above the mean in mathematics 
achievement was studied over 2 years* The processes selected were, (1) 
specified types of teacher ^pupil interactions s and (2) student engaged time 
in high or low cognitive Irvel mathematical activities, spatial activities, 
and with peers. Eighty^two seventh graders were observed daily in their 
regular mathematics classes for 3 to 4 weeks during the spring semester of 
1980, and were again observed in 1981* Between 3 and 14 target students 
were within each observed class. Roughly equal numbers of each sex wer«* 
chosen based on the following characteristics for the sample! (1) mathe- 
matics achievement scores were at or above the sixth-grade mean of four 
middle schools, and (2) confidence in mathematics scores were in either the 
top or bottom quarter for all pupils who had achieved higher than the mean* 
Two trained observers recorded data on target student and teacher behavior 
in each classroom. Data were collapsed across classrooms and analysed 
using analysis of variance* with sex, confidence level, and years as 
factors* 



ED222037 

Fox, Lynn H. The Study of Social Proceaa That Inhibit or Enohwee the 
Development of Competence and Inter est in itsthematics iimong Highly Able 
Young Women, Final Report- September 1979 through January 1982, 

The Study investigated social process and sex differences that might 
inhibit or enhance the development of interest, self confidence, and 
competence in the study of mathematics and in the pursuit of careers which 
require advanced mathematical knowledge and skill among 120 seventh 
jraderSt all identified as having superior mathematical ability by the 
Study of Mathematically Precocious Youth at Johns Hopkins University* A 
student questionnaire and a parent questionnaire were developed* The 
Vocational Preference Inventory was administered to students* Questions 
investigated covered the following areas! characteristics related to 
family background and aptitude, attitudinal characteristics, support from 
significant others* home learning, interrelationships between variables^ 
and teacher characteristics. Ss were divided into five groups: A^-i 
consisted of girls considered to be highly motivated on the basis of their 
having accelerated their study of mathematics | A^2 included girls who were 
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considered to be not as highly motivated as A-l; B=l was a sample of boys 
considered to bo highly motivated; was a sample of boys considered to 

be not highly motivated; and C was a sample of girls who appeared to have 
low interest in mathematics and high interest in the humanities. Among 
findings were the following t no significant differences were found among 
the five groups on measures of socio-economic and family constellation 
variables; A-l girls had lower levels of self confidence in mathematics 
than B^l boys; mothers of boys noticed ability in their sons at a much 
earlier age than mothers of girls; and most parents of girls felt careers 
would need to be interrupted for child bearing purposes. Although all the 
girls were extremely talented in mathematics, they had not been viewed as 
unusually gifted or unique by the teachers* 

ED222326 

Schildkamp-Kundi.ger, Erika, Ed* An International ieviiw of Gender and 
Mathematics. 

Because mathematics and gender (sex) is a research area of increasing 
international interest* a worldwide survey about research concerned with 
special problems of girls and women when learning mathematics was 
conducted, Reports included in this document were submitted fron 
Australia* Canada, Dominican Republic* England and Wales, India, Ireland- 
Israel. New Zealand, and the United States* Points considered in the 
reports include the general interest in the topic in each country, research 
concerns (variables other than sex examined, theoretical framework of the 
research, activities resulting from the research such as programs to 
increase females* achievement/interest), discussions/developments on the 
topic, and situations unique to each country* Highlighting information 
received, it appears that* (1) in mcit countries the topic is not a 
central subject of empirical research, although there are some indications 
that as interest arises, its importance is recognised and leads to 
research; (2) the United States, followed by England/Wales, is far ahead of 
other countries in research on mathematics and gender! and (3) that 
different research strategies are used to understand sex^related achieve- 
ment differences as explained by sex role perceptions, personality traits, 
and differentiated interaction processes, References, including articles 
and documents published in countries participating in the survey, are 
included, These include background papers ^ research reports , project 
information, and teaching suggestions* 



OTHER RESOURCES 

The following items are available from the Mathematical Association of 
America, 1529 18th Street NW, Washington, D,C* 20036s 

Blacks sad Mattmatics ( BAM) and Vouen and Mathematics (WAM) - 

Visiting lecturer program to interest Black students or women to 
pursue mathematics-based careers. Aimed at high school student, 

Mathematics Education of Girls and Young Woven. 

Positions statement* (April 1980) 



ERLC 
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Mathra a tigg Education of Girls and Young We^n, 

Information Resource* (September 1980) 

Report on Task Force on Problems in Mathematics Education of Girls 
and Young Women, 

Cost $2,50, (February 1980) 

Multiplying Options and Subtracting Bias! An Intervention Program 
developed by Elizabeth Fennema, it, al. 

Four videotapes , one each for teachers ? students, counselors , and 
parents—for purchase only, $125 per tape with manual; $373 for 
all four tapes * 

Available from ERIC/SfrEAC Information Center, Ohio State University, 120U 
Chambers Road, Columbus , Ohio 43212, 

Suydam, M. and Kirschner , V, Selected References en Mathematical 
Anxiety, Attitude aid Sex Difference in Achievement and Participa- 
tion, 1980. ($2.50) 

Schildkaump^Kundiger, Eri' An International Review en Cruder and 
Mathematics, 1982* 

Tobias , Sheila, Overcoming Math Anxiety- New York, NY: W, W- Norton 
1978, 

Paths to Programs for Intervention ($16,00), 

Resource Catalogue for Practitioners ( $13. 00) - 

Resource Manual for Counselors/Math Ins true tors ($12,00), 

Self^Belp Kit for Students ($12,00), 

Institute for Study of Anxiety in Learning, Washington School of 
Psychiatry, 1610 New Hampshire Avenue, NW, Washington, D,C, 20009 
(202/667-6380) , 



ASSOCIATIONS 



National Council of Teachers Mathematics, 1906 Association Drive, Res ton, 
VA 22091, 

National Association for Equal Opportunity in Higher Education, 2243 
Wisconsin Ave. NW, Washington, D.C. 20007 (202/333-3855), 

National Association for the Advancement of Colored People, New York, NY, 

United Negro College Fund, Inc, f New York, NY, 

Women and Mathematics (WAM) , Dr. Eileen L. Poiani, Department of 
Mathematics, Saint Peter's College, Jersey City, NJ 07306, 
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Lectureship Program for High School Students* Currently operating in Che 
following areas: Boston, Chicago, Connecticut , South Florida, New York/New 
Jersey, Oregon ? San Francisco Bay Area, 

Association for Women in Mathematics ? Women's Research Center, 
Wellesley College, 828 Street , Wellesley, MA 02181, 

Organization comprised mostly of women mathematicians. 



CAREER INFORMATION 

in Applied Mattaitks, (1981). Society for Industrial and 
Applied Mathematics s 1405 Architects Buildings 117 South 17th Street, 
Philadelphia, PA 19103, 

Guide to help high school seniors and college students choose a major* 



Acs at Work in Society! A Career Awareness Package. (November , 
1981)* Mathematical Association of America, Dolciani Mathematics Center, 
1529 iSth St, NW, Washington, B.C. 20036, 

Four video cassettes and a project hook directed at 8-lOth graders* 
The materials show the role math plays in a wide range of career 
areas * 



Askew, Judy* The Sky's the Lijait in Math-Belated Careers, (1981), 

Educational Development Center, Newton, MA. $3,00 each, 

Forty^four page booklet describing math related jobs in Computers, 
Engineering, Finance, Education, Research Mathematics, and Statistics, 
Uses quotes from women in these areas* A resource list of women who 
may be contacted with questions is given* 

I011QB, 04 
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